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ABSTRACT
Nest boxes (235) of  th r e e  s i z e s  were e rec ted  in  a bottomland 
hardwood s tan d ,  in  a cottonwood p l a n t a t i o n  and in an upland p ine-  
hardwood stand in d e n s i t i e s  s im i l a r  t o  those  of  n a tu ra l  c a v i t i e s  in 
ad ja ce n t  unmanaged s tand s .  Most na tu ra l  c a v i t y - t r e e s  were removed 
from box-bearing p l o t s .  Natural c a v i t i e s  (163) were s e le c te d  f o r  
comparative purposes in  a d ja ce n t  unmanaged p l o t s .  Comparisons 
were made of  small mammal abundance, b i rd  abundance and c av i ty  
c h a r a c t e r i s t i c s  among h a b i t a t s  and p l o t s .  Hourly and annual 
microcl imate  o f  seven n e s t  boxes and s ix  na tu ra l  c a v i t i e s  in bottom­
land hardwoods were compared over 18 months. Weekly a c t i v i t y  a t  ten  
n a tu ra l  c a v i t i e s  and ten  n e s t  boxes was monitored f o r  65 weeks in two 
bottomland p l o t s .  All boxes and na tu ra l  c a v i t i e s  were inspected  every 
four  weeks f o r  animal use from February 1977 to  February 1979, 
Preference  f o r  a c a v i ty  type by c a v i ty  dependent w i l d l i f e  was 
determined in l i g h t  of physical  and m ic roc l im a t ic  c h a r a c t e r i s t i c s  of 
the  ne s t  boxes and na tu ra l  c a v i t i e s .
D if ferences  were found in hourly i n te r n a l  tem pera tu re ,  monthly 
maximum and minimum in te r n a l  tem pera tu re ,  hourly ambient r e l a t i v e  
humidity, monthly in te r n a l  r e l a t i v e  humidity and in te r n a l  l i g h t  and 
s o l a r  r a d i a t i o n  between boxes and na tu ra l  c a v i t i e s  ( p - ^ 0 . 0 5 ) .  The 
microcl imate  o f  n a tu ra l  c a v i t i e s  was more s t a b l e  than the  microcl imate  
of  n e s t  boxes, but  the  microcl imate  o f  n e s t  boxes was more s t a b l e  than 
the  mesoclimate (ambient c l im a te ) .  All d i f f e r e n c e s  were c o n s i s t e n t  
over time. The presence o f  a n e s t  or  an animal may a l t e r  the  micro­
c l im ate  o f  a c a v i ty  markedly.
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All c a v i ty  c h a r a c t e r i s t i c s  were d i f f e r e n t  among p lo t s  and 
h a b i t a t s  (p-=^0.05) except the  he igh ts  o f  fo rk s  in  c a v i t y - t r e e s  
and th e  frequency o f  c a v i t i e s  under limbs (p > -0 .0 5 ) .  Also, no 
d i f f e r e n c e s  among h a b i t a t s  were found in frequency of  l i a n a s  on 
n a tu ra l  c a v i t y - t r e e s ,  he igh t  of  the  lowest l i v e  branch of  na tu ra l  
c a v i t y - t r e e s ,  frequency of  fo rks  o f  na tu ra l  c a v i t y - t r e e s ,  and number 
of  t r e e s  surrounding each n a tu ra l  c a v i t y - t r e e  pe r  0.02 ha (p .>-0.05).
No d i f f e r e n c e s  among p lo t s  were found in pe rcen t  bark cover ,  frequency 
of  snags ,  angle of  en trance  from h o r i z o n ta l ,  and lo c a t io n  on bole or 
limb when only box-bearing t r e e s  were considered  in  a n a ly s i s  ( p > - 0 . 0 5 ) .  
O r ien ta t io n  of  animal-made c a v i t i e s  was non-random and d i f f e r e d  
between bottomlands (south and west) and uplands (north  and w est ) .
Birds were more abundant in the  bottomland hardwood p lo t s  than in 
the  upland p l o t s .  C a v i ty -n e s te r s  made up a l a r g e r  percentage of  the  
b i rd  popula t ions  in th e  upland pine-hardwood p l o t s  than in the  bottom­
land p l o t s .
Small mammals were more f r e q u e n t ly  cap tured  in the  upland p ine-  
hardwoods than in the  bottomland p l o t s .  Peak cap tu res  on a l l  p lo ts  
occurred in the  w in te r  and e a r ly  sp r in g ,  probably due to  high p o s t ­
breeding season popu la t ions .
The number of  v i s i t s  by c av i ty -u s in g  w i l d l i f e  per week to  
n a tu ra l  c a v i t i e s  was not  d i f f e r e n t  from the  number of  v i s i t s  per  week 
to  n e s t  boxes ( p > - 0 . 0 5 )  (x = 2.9 v i s i t s  per  week).
Nest boxes were used more f r eq u e n t ly  than na tu ra l  c a v i t i e s  by 
18 o f  the  26 v e r t e b r a t e  taxa  using c a v i t i e s  ( p - ^ 0 . 0 5 ) .  Only barred 
owls (S t r i x  v a r i a ) used na tu ra l  c a v i t i e s  more f r e q u e n t ly  than nes t
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boxes ( p ^ O . O B ) .  In v e r te b ra te s  were more f r e q u e n t ly  found in 
c a v i t i e s  than were v e r t e b r a t e s .  Mean four-week box use by v e r t e b r a t e s  
was con s tan t  over box s i z e s  and h a b i t a t s  a f t e r  two y e a r s .  S im i la r ly  
na tu ra l  c a v i ty  use by v e r t e b r a t e s  was r e l a t i v e l y  co n s tan t  over h a b i t a t  
types .  Most b i rd s  and mammals s e le c te d  c a v i t i e s  on th e  ba s i s  o f  one 
or severa l  c a v i ty  c h a r a c t e r i s t i c s .  C av i t ie s  r e t a in e d  in res id u a l  
t r e e s  fo l lowing th inn ing  ope ra t ions  and having d e s i r a b l e  c h a r a c t e r ­
i s t i c s  may inc rease  the  p r o b a b i l i t y  o f  seasonal w i l d l i f e  use.  
I n t e r s p e r s io n  o f  ne s t  boxes among n a tu ra l  c a v i t i e s  may aid sp ec ies  
p r e f e r r in g  na tu ra l  c a v i t i e s  by reducing i n t e r s p e c i f i c  competi t ion f o r  
na tu ra l  c a v i t i e s .
INTRODUCTION
Several f o r e s t  inventory repo r t s  have ind ica ted  a s t e a d i ly  
decreasing volume of bottomland hardi^-d growing stock (S te rn i tzke  
1965, Van Sickle  and Van Hooser 1969, Earles 1975, S te rn i t zk e  1976). 
S te rn i tzk e  (1976) ind ica ted  t h a t  mid-South d e l t a  hardwoods decreased 
an average of  105,200 ha annually  between 1960 and 1970. Most 
bottomlands are  being c leared  fo r  a g r i c u l tu r a l  crops — pr im ar i ly  
soybeans^. S t i l l  more bottomland areas  are  being converted to 
monoculture stands of cottonwood and sycamore. By 1975, 16,000 to  
20,000 ha of  cottonwood alone had been planted in the  lower Miss iss ippi  
River Valley (Krinard and Johnson 1975). Dutrow (1970) p red ic ted  a 
maximum of over 400,000 ha in cottonwood p la n ta t io n s  by 1980. All 
in d ic a t io ns  are  t h a t  mixed bottomland hardwoods wil l  continue to  be 
c leared  fo r  a g r i c u l tu r a l  purposes and the establ ishment  of l a rg e  areas 
o f  in te n s iv e ly  managed monoculture f o r e s t .
S te rn i tzk e  (1976) suggested t h a t  i f  the  mid-South i s  to  continue 
as a leading manufacturer o f  hardwood timber p roducts ,  f o r e s t  
management in the  brown loam b lu f f s  and loess-mantled uplands must 
be i n t e n s i f i e d  to  compensate f o r  c lea r in g  of  prime d e l t a  hardwood 
land. Johnson (1958) and S te rn i tzk e  (1976) ind ica ted  t h a t  as much
*1
Botanical nomenclature a f t e r  Radford e t  a l .  (1968) except
where otherwise noted; s c i e n t i f i c  names are  presented in
Table 73 of  the  Appendix.
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as 810,000 ha in the  upland b l u f f  a rea  a re  s u i t a b l e  f o r  hardwood 
t imber product ion .  More in te n s iv e  management of  white oak, cherrybark 
oak, Shumard oak,  ye l lo w -p op la r ,  and white  ash wil l  be needed to  
maintain  a su s ta in ed  y i e l d  o f  hardwood products  in  the  mid-South. 
Buckner (1977) c a l l e d  f o r  a c c e le ra te d  w i l d l i f e  management research  
in such i n t e n s iv e ly  managed s tands .
By d e f i n i t i o n ,  i n te n s iv e  s i l v i c u l t u r a l  p r a c t i c e s  do not favor  
the  r e t e n t i o n  o f  low q u a l i t y  t r e e s  s u i t a b l e  f o r  w i l d l i f e  dens and 
n e s t s ,  y e t  i n t e n s iv e  s i l v i c u l t u r a l  p r a c t i c e s  wil l  be needed i f  the  
South i s  to  continue  as a l e a d e r  in hardwood t imber p roducts .  Shor te r  
r o t a t i o n s  and p reh a rv es t  c u t t i n g  of  low q u a l i t y  t r e e s  a re  i n e v i t a b l e .  
A r t i f i c i a l  s e l e c t i o n  a g a in s t  low q u a l i t y  t r e e s  by g en e t ic  t r e e  
improvement w i l l  c o n t r ib u te  to  the  decrease  in  a v a i l a b i l i t y  of  such 
t r e e s  to  w i l d l i f e .  Although no l i t e r a t u r e  r e p o r t s  th e  r e s u l t s  of  
s tu d ie s  designed to  a s se ss  the  impact of  s i l v i c u l t u r a l  p r a c t i c e s  
upon cav i ty -dependent  w i l d l i f e ,  severa l  au thors  suggested t h a t  
popula t ions  o f  cav i ty -dependent  w i l d l i f e  a re  adverse ly  a f f e c te d  by 
in te n s iv e  f o r e s t  management (G °°d r u m  1937, Thomas e t  a l . 1976,
Hardin and Evans 1977, DeGraaf 1978, S c o t t  1979). Seemingly the  only 
p r a c t i c a l  method of providing nes t ing  and denning s i t e s  f o r  c a v i ty -  
dependent w i l d l i f e ,  y e t  managing hardwood f o r e s t s  f o r  maximum 
c e l l u l o s e  p roduct ion ,  i s  to  provide n e s t  boxes. These a r t i f i c i a l  
c a v i t i e s  would be a v a i l a b l e  t o  w i l d l i f e  sooner a f t e r  h a rves t  than 
would na tu ra l  c a v i t i e s ,  and they may allow in te n s iv e  management of 
f o r e s t  s tands  without  a f f e c t i n g  cavi ty-dependent  w i l d l i f e  sp e c ie s .
I t  seems i n e v i t a b l e  t h a t  m i l l io n s  of  hec ta res  of  mid-South bottomlands
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wil l  be in a g r i c u l t u r e  or  monoculture f o r e s t s  in  the  near  f u t u r e ,  and 
t h a t  upland hardwoods must be i n t e n s iv e ly  managed. I t  i s  important  
t h a t  we determine a means o f  main ta in ing  our w i l d l i f e  resource  without  
i n h i b i t i n g  t imber production .  These were the  o b je c t iv e s  o f  t h i s  s tudy:
1 ) monitor microcl imates  of n e s t  boxes and n a tu ra l  c a v i t i e s  
in bottomland hardwoods and compare cav i ty  c h a r a c t e r i s t i c s  
in bottomland hardwoods, a cottonwood p la n t a t io n  and 
upland pine-hardwoods to  help determine why n e s t  boxes 
a r e ,  or  a re  no t ,  accep tab le  replacements f o r  na tu ra l  
c a v i t i e s .
2 ) compare the  use of  th re e  s tandard  s i z e  n e s t  boxes 
with use of  na tu ra l  c a v i t i e s  by w i l d l i f e  in a 
bottomland hardwood s ta n d ,  in a monoculture 
cottonwood stand and in an upland mixed pine-  
hardwood s tand .
Climatic  c h a r a c t e r i z a t io n  of  na tu ra l  c a v i t i e s  and l a rg e  n e s t  boxes 
was conducted a t  th ree  bottomland hardwood p lo t s  (Ben Hur). Temper­
a t u r e ,  r e l a t i v e  humidity, s o l a r  r a d i a t io n  and l i g h t  were monitored 
on both an hourly and monthly bas is  f o r  18 months. The physical  
c h a r a c t e r i s t i c s  o f  a l l  na tu ra l  c a v i t i e s  and n e s t  boxes were q u a n t i f i e d  
(Table 1).
Small mammals and b i rd s  were indexed on se le c te d  p lo t s  in each 
h a b i t a t  type to  determine what spec ies  were a v a i l a b l e  f o r  c a v i ty  use 
(Table 1) .
Use of  n a tu ra l  c a v i t i e s  in  unmanaged bottomland hardwoods (Ben 
Hur), unmanaged r i v e r f r o n t  hardwoods (Durango) and upland pine-
Table 1. Experimental design , n est  box and natural cav ity  study, Oast Baton Rouge Parish, Louisiana and Jefferson  County, M ississ ippi.
Treatments and Ben Hur - Donohoe Durango
comparisons control large medium s r aa l l l ar ge  box b ox-cavity  control large medium smalT control large medium"sinnIT
box box box uncut box box box box box box
A ctiv ity
Cavity type
Humber of boxes 
or c av i t ie s
Cavity t re e  cut
Cavity trees  
blocked
Microclimate
Cavity cha rac te r ­




A ctiv ity  counters
Cavity use
Box vs. natural
Large vs. medium 
vs. small
Uncut vs. cu t
In terspersion vs. 
separated















natural large medium small
46 30 30 30
(p lan ta t ion)
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hardwoods (Donohoe) was compared to  use of  n e s t  boxes of  th ree  
s tandard  s i z e s  in improvement cu t  bottomland hardwoods, in a c o t to n ­
wood p l a n t a t i o n ,  and in improvement cu t  upland pine-hardwoods, 
r e s p e c t iv e ly  (Table 1). Two add i t io n a l  p lo t s  a t  Ben Hur were used 
to  t e s t  th e  e f f e c t  of  c u t t i n g  on box use and box-natura l  c a v i ty  
i n t e r s p e r s i o n  on c a v i ty  use .  Boxes and na tu ra l  c a v i t i e s  were checked 
every four  weeks (+ one week) f o r  two y e a rs .  A c t iv i t y  counters  were 
a t tached  to  the  en trances  o f  ten  l a rg e  n e s t  boxes and ten  n a tu ra l  
c a v i t i e s  a t  Ben Hur. Counters were monitored fo r  65 weeks to  determine 
the  cons is tency  of  c av i ty  use.
LITERATURE REVIEW
The microenvironment of  a ne s t  box or  na tu ra l  c av i ty  may make i t  
more or  l e s s  d e s i r a b l e  as a nes t ing  o r  ro o s t in g  s i t e  by c e r t a i n  
w i l d l i f e  sp ec ie s .  C er ta in  amphibians respond to  l i g h t  of  d i f f e r e n t  
wavelengths (Anderson 1964:401). Krantz and Gauthreaux (1975) found 
t h a t  movement to  ro o s t in g  a reas  by brown-headed cowbirds^ was 
a s so c ia te d  with the  d a i ly  amount o f  s o l a r  r a d i a t i o n .  The q u a n t i ty  
or  q u a l i t y  of  l i g h t  or s o l a r  r a d i a t i o n  could a l s o  a f f e c t  use of nes t  
boxes or  na tura l  c a v i t i e s  by w i l d l i f e .  Indeed, Klein (1955) repor ted  
t h a t  the  amount of  l i g h t  e n te r in g  a n e s t  box in f luenced  use by wood 
ducks.
R e la t iv e  humidity has an e f f e c t  on the  s t a b i l i t y  of  body temper- 
a tu r e s  of some r e p t i l e s  and amphibians (ectotherms) (Hall and Root 
1930). Temperature,  humidity and wind can a f f e c t  heat  lo ss  in b i r d s ,  
causing them to  seek more s u i t a b l e  microcl imates  (Shilov 1973:189). 
Rose (1967:438) and Precht  e t  a l . (1973:614) repor ted  s i m i l a r  adap t ive  
behavior in mammals and r e p t i l e s ,  r e s p e c t iv e ly .  Several i n v e s t i ­
ga to rs  have measured tempera tures  in s id e  ne s t  boxes (Kendeigh 1961, 
S ta in s  1961, Norman and R igger t  1977, Havera 1979) but none o f  these  
s tu d ie s  compared box temperatures  to  temperatures  in s id e  na tu ra l
1Avian nomenclature a f t e r  American O r n i th o lo g i s t s '  Union
(1957); s c i e n t i f i c  names presen ted  in Table 75 of  th e  Appendix.
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c a v i t i e s .  D if ferences  in n e s t  box o r  na tu ra l  c av i ty  use may, in 
some i n s t a n c e s ,  be a t t r i b u t a b l e  to  d i f f e r e n c e s  in  microcl imate .
Physical  c h a r a c t e r i s t i c s  of  a na tu ra l  c a v i ty  or  n e s t  box, and 
c h a r a c t e r i s t i c s  o f  the  surrounding a rea  may a l s o  in f lu en ce  use by 
c e r t a i n  w i l d l i f e  sp e c ie s .  Conner (1975) and Inouye (1976) in d ica ted  
t h a t  en trance  o r i e n t a t i o n  of  woodpecker c a v i t i e s  i s  not  random. 
McClelland and P r i s s e l l  (1975) q u a n t i f i e d  c h a r a c t e r i s t i c s  of  snags 
useful  t o  c e r t a i n  c a v i t y - n e s t e r s .  Conner (1976) q u a n t i f i e d  the  
n es t ing  h a b i t a t  of  r e d - b e l l i e d  woodpeckers. I could f in d  no s tu d ie s  
which compared c a v i ty  c h a r a c t e r i s t i c s  among h a b i t a t  ty p es ,  or  which 
c o r r e l a t e d  n e s t  box or  na tu ra l  c a v i ty  c h a r a c t e r i s t i c s  with use by a 
v a r i e ty  of  w i l d l i f e  sp e c ie s .
Much information i s  a v a i l a b l e  on the  use of  n e s t  boxes in  the  
management of  severa l  w i l d l i f e  spec ie s  (H esse lscherd t  1942, Bell rose 
e t  a l .  1964, Barkalow 1965, Flyger and Cooper 1967, Sanderson 1975, 
and o t h e r s ) ,  but to  my knowledge no work of  t h i s  type has been done 
on cav i ty -dependent  w i l d l i f e  sp ec ie s  in mid-South hardwoods with the  
exception o f  wood ducks (Strange e t  a l .  1971, Davis 1978) and 
southern f ly in g  s q u i r r e l s2 (Dawson 1967). Brown and B e l l ro se  (1943) 
compared spec ie s  u t i l i z a t i o n  o f  wood duck boxes on bottomland and 
upland s i t e s  in  I l l i n o i s  and M is s i s s ip p i ,  but  90 pe rcen t  of  t h e i r  
boxes were e rec ted  near  or  over w ater .  Several i n v e s t i g a t o r s  repor ted  
use of  n e s t  boxes by w i l d l i f e  spec ies  o ther  than the  spec ies  f o r  which
p
Mammalian nomenclature a f t e r  Lowery (1974); s c i e n t i f i c  names
presen ted  in  Table 76 o f  the  Appendix.
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the  box was designed (Bryan 1946, Flyger and Cooper 1967, Dawson 1967, 
Burger 1969, Strange e t  a l . 1971).
The importance of  na tu ra l  c a v i t i e s  to  severa l  spec ies  of  w i l d l i f e  
has been well documented (Brown and Yeager 1945, Gysel 1961, Conner 
e t  a l .  1975, Sanderson 1975, Hardin and Evans 1977, Thomas e t  a l . 1978, 
and o t h e r s ) ,  but to  my knowledge no comparison has been made in the  
deep South between na tura l  c a v i t i e s  and n e s t  boxes, to  determine the 
a c c e p t a b i l i t y  of n e s t  boxes, with the  exception of  wood duck use 
(B e l l rose  e t  a l . 1964). Pinkowski (1976) compared use of  n e s t  boxes 
t o  use of na tu ra l  c a v i t i e s  by e a s t e r n  b lueb irds  in Michigan.
W ild l i f e  use of n e s t  boxes e rec ted  in a reas  where na tu ra l  
c a v i t i e s  a l ready  e x i s t  was repor ted  by severa l  au thors  (Hesselscherd t  
1942, Brown and Bell rose  1943, Dawson 1967, Flyger and Cooper 1967, 
Strange e t  a l .  1971). Burger (1969) repor ted  an in c re ase  in ca r ry ing  
c apac i ty  f o r  gray s q u i r r e l s  in an area  where n e s t  boxes were the  
exc lus ive  form of  c av i ty .  Barkalow (1965) repo r ted  s i m i l a r  r e s u l t s  
from an a rea  where both na tu ra l  c a v i t i e s  and nes t  boxes were a v a i la b le  
to  gray s q u i r r e l s .
METHODS
Descr ip t ion  of  the  Study Areas
Ben Hur A mixed bottomland hardwood s tand  lo ca ted  on the  Louisiana 
S t a t e  U n ive rs i ty  (LSU) Ben Hur Research Farm, East Baton Rouge P a r i sh ,  
Louis iana was chosen to  r e p r e s e n t  one h a b i t a t  type (Figure  1) .  Ben 
Hur i s  loca ted  in the  NW% o f  Section 74, T8 S, R1W, a t  l a t i t u d e  
30°23 '0 ,‘ and long i tude  91°1V15".
The s o i l  of  t h i s  a rea  i s  a Dundee-Tensas-Sharkey complex. Dundee 
(40 p e rcen t )  and Tensas (40 pe rcen t)  s o i l s  a re  found on r id ges  with 
Sharkey (20 pe rcen t)  found in  the  swales (Dance e t  a l . 1968:21). 
Backwater f lood ing  of  Ben Hur i s  prevented by the  M iss iss ipp i  River 
levee system. Occas iona l ly ,  heavy r a i n  w i l l  innundate low ly ing  
a re a s .  The average e le v a t io n  i s  7 .6  cm above mean sea l e v e l .
The c l im ate  of the  Ben Hur area  i s  g r e a t l y  in f luenced  by the
Gulf o f  Mexico to  the  south and by th e  con t in en ta l  land mass t o  the  
no r th .  The monthly mean temperature  was 19.8°C on th e  bas is  o f  da ta  
c o l l e c t e d  from 1941 to  1970 a t  the  Ryan A irp o r t  weather  s t a t i o n ,  East  
.Baton Rouge P a r i sh ,  Louis iana (U. S. Weather Bureau 1977a). The 
average annual p r e c i p i t a t i o n  a t  the  Ben Hur a rea  f o r  the  p a s t  30 years  
was 137 cm annual ly .  A t o t a l  of  329 f r o s t - f r e e  days were recorded a t
the  LSU Ben Hur Farm Weather S ta t io n  in 1977 and 321 f r o s t - f r e e  days
were recorded th e r e  in 1978. Monthly c l im a t ic  da ta  f o r  the  course  of 
the  study are  presented in Table 2.
The ove rs to ry  of  Ben Hur i s  dominated by water oak,  coas t  p ignut
10
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Ki l o m e l e  rs
Figure 1. Location of Ben Hur, Durango and Donohoe s tudy a re a s .
■n
Table 2. Monthly climatic data, LSU Ben Hur Experiment Station, East Baton Rouge Parish,a 
Louisiana, January 1977 to December 1978 (deviations from normal indicated parenthetically).
Month Year Average temperature ( C) Total Number of days
Daily Daily RontHly precipitation with a frost
maximum minimum (cm)
January 1977 10.8 -0 .9 4.9 (-5 .1) 18.9 4.8} 20
February 17.6 3.9 10.8 (-0.4) 6.6 -6.5) 6
March 22.6 10.6 16.6 (1.7) 9.4 -0.7) 0
April 25.9 13.4 19.7 (0.3) 28.0 5.1) 0
May 30.3 17.4 23.8 (0.4) 5.5 -1.1) 0
June 33.7 21.0 27.3 (1.2) 6.5 -5.9) 0
July 33.9 22.6 28.2 (0.7) 18.0 -0.4) 0
August 31.8 22.8 27.3 (0.2) 31.5 22.0) 0
September 31.4 21.4 26.4 (1.2) 25.3 25.8) 0
October 26.1 12.3 19.2 (0.9) 12.3 1.0) 1
November 22.1 10.8 16.5 (1.5) 22.4 16.5) 1
December 17.6 4.8 11.2 (0.1) 11.4 -5.4) _8
Average 1977 25.3 13.3 19.3 (O.O)Total 195.8 60.1) 36
January 1978 10.3 1.4 5.9 (-4.7) 5.4 5.5) 19
February 11.9 1.4 6.7 (-4.8) 5.9 -6.4) 16
March 19.5 7.2 13.3 (-1.4) 5.4 -8.3) 1
April 26.7 13.7 19.8 (-0.2) 8.5 -5.5) 0
May 29.7 18.3 24.0 (1.0) 24.0 7.7) 0
June 32.4 21.3 26.9 (0.8) 13.3 -2.1) 0
July 33.5 22.4 28.0 (0.6) 17.8 1.6) 0
August 33.1 21.7 27.4 (0.1) 38.4 7.3) 0
September 31.2. 20.9 26.0 (0.7) 11.6 0.1) 0
October 27.5 ' 11.4 19.7 (-0 .3) 0.0 -6.7) 0
November 24.8 11.6 18.2 (2.7) 12.6 2.8) 0
December 17.5 5.7 11.6
o1 5.7 -7.9) _8
Average 1978 24,6 13.1 19.0 (-0,4)Total 148.6 -12.0) 44
aFrom U. S. Weather Bureau (1977a), U. S. Weather Bureau (1978a).
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hickory ,  Americam elm, sugarberry  and sweetgum. The midstory i s  
dominated by bluebeech and boxelder (Tables 56-61, Appendix).
The unders tory  vege ta t ion  c o n s is ted  mostly of  Murphy's g r a s s ,  
switchcane,  g r e e n b r i e r s ,  water-wil iow, dewberries and poison ivy 
(Tables 62-67, Appendix).
Durango A r i v e r f r o n t  hardwood s tand  and an ad ja ce n t  cottonwood p l a n t a ­
t i o n ,  owned by In te rn a t io n a l  Paper Co.,  Inc.  were s e le c te d  to  r e p re se n t  
a second h a b i t a t  type (Figure 1).  This area  i s  loca ted  about 19 km 
north  o f  Natchez, M is s i s s ip p i ,  and about 4 km northwest  o f  Church 
H i l l ,  M is s i s s ip p i ,  Section 5,  T9N, R11E, l a t i t u d e  31 °4 6 *O1' , longitude  
91°18’0” .
Much o f  the  area  has been converted from bottomland hardwoods to  
soybeans and monoculture s tands  of  cottonwood and sycamore. The 
a g r i c u l t u r a l  land i s  leased  to  Mr. L. E. Guedon and Sons, while  the  
t imber land i s  managed by f o r e s t e r s  of  In t e rn a t io n a l  Paper Co. , Inc.
Weems e t  a l . (1968:18) repor ted  the  s o i l  o f  the  Durango area  as 
a clayey a l l u v i a l  land o f  a Sharkey a s s o c i a t io n  with 0 to  5 percen t  
s lope  and su b je c t  to  overf low. On severa l  occasions (1927, 1937,
1973, 1979) the  a rea  was completely innundated f o r  severa l  weeks to  
severa l  months. The average e le v a t io n  o f  th e  Durango area  i s  15.3 m 
above mean sea l e v e l .  The monthly mean temperature  f o r  the  period 
from 1941 to  1970 recorded a t  the  Natchez weather s t a t i o n ,  Adams 
County, M iss iss ipp i  was 19.5°C; the  mean annual p r e c i p i t a t i o n  was 
139.6 cm (U. S. Weather Bureau 1977b) (Table 3 ) .
The dominant o v e rs to ry  vege ta t io n  of  Durango cons is ted  of  
cottonwood, sweet pecan, water  h ickory ,  sugarberry  and w a te r !o cu s t ,
13
Table 3. Monthly climatic data, Natchez weather s ta tion , Adams County, M ississippi,  
January 1977 to December 1978 (deviations from normal indicated parenthetically).
Month Vear Average temperature (°C) Total Number of days
Daily Daily Monthly precipitation with a frost
maximum minimum (cm
January 1977 9.6 -0 .7 4.5 -5 .2) 17.2 4.0) 20
February 18.5 4.5 11.5 0.1) 7.7 -4 .8) 9
March 24.0 11,0 17.5 2.7) 21.1 4.9) 0
April 26.3 13.4 19.9 0.2) 37.9 25.4) * 0
May 30.6 18.1 24.4 l.' i) 6.4 -7.9) 0
June 34.6 21.8 28.3 1.4) 3.8 -6.1) 0
July 34.0 23.0 28.5 0.6) 12.2 1.5} 0
August 32.7 22.9 27.8 1.5) 21.5 -1.1) 0
September 31.6 21.4 26.5 0.0) 7.1 12.8) 0
October 25.8 12.6 19.2 -0.6) 5.5 -1 .3) 0
November 20.7 9.9 15.3 1.1) 22.2 11.1) 1
December 16.7 5.2 11.0 0.1) 10.2 -4.0) _7
Average 1977 25.4 13.6 19.5 0.3)Total 172.8 34.7) 37
January 1978 9.1 0.3 4.7 -5 .0) 15,3 2.2) 19
February 12.9 0.6 6.8( 4.7) 7.4 -5.2) 18
March 20.3 6.8 13.6 0.2) 5.2 -10.9) 2
April 26.5 13.4 19.9 0.7) 4.9 -7.5) 0
May 30.0 17.9 24.0 0,2) 23.1 8.8) 0
June 32.8 21.1 27.0 0.9) 16.4 6.5) 0
July 34.8 23.0 28.9 0.9) 12.7 2.1) 0
August 33.6 22.6 28.1 0.3} 14.2 5.6) 0
September 31.6 20.7 26.2 1.1) 1.6 -6.6) 0
October 28.2 11.5 19.9 0.1) 1.7 -5.1) 0
November 23.3 11.4 17.4 3.3) 11.8 0.7) 0
December 18.3 4.8 11.6 0.8) 16.0 1.7) 10
Average 1978 25.1 12.9 19.0 -0.2)Total 130.3 -7 .7) 49
aFrom U. S. Weather Bureau (1977b), U. S. Weather Bureau (1978b).
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with boxelder ,  swamp-privet and swamp dogwood the  common midstory  
spec ies  (Tables 68 and 69, Appendix). The unders to ry  in the  c o t to n ­
wood p l a n t a t i o n  was cons iderab ly  more dense than the  unders tory  in 
the  r i v e r f r o n t  hardwoods (Figures 2 and 3) .  Common unders tory  p lan ts  
included trumpet c re e p e r ,  r e d - b e r r ie d  moonseed and a s t e r s  in  the  
r i v e r f r o n t  hardwoods, and trumpet c re e p e r ,  dewberries and poison ivy 
in the  cottonwood p l a n t a t i o n  (Tables 70 and 71, Appendix).
Donohoe The th i r d  study area  i s  loca ted  on Donohoe p la n ta t io n  in the  
l o e s s i a l  uplands of  J e f f e r s o n  County, M iss iss ipp i  (Figure 1 ) .  This 
area  i s  11 km west o f  F a y e t t e ,  M is s i s s ip p i ;  l a t i t u d e  31°4 2 1 and 
long i tude  91°14 ' ,  Section 54, T9N, R13E. The land i s  owned by the 
Allen Mardis E s t a t e ,  and the  f o r e s te d  po r t ion  i s  managed f o r  t imber 
and w i l d l i f e .
The s o i l  of  the  Donohoe area  i s  h igh ly  e ro s iv e  deep lo es s  of  
th e  Memphis s e r i e s ,  with 0 to  60 p e rcen t  s lope  (Morris e t  a l .  
1970:19).  The e ro s iv e  n a tu re  of  these  s o i l s  r e s u l t s  in high local  
r e l i e f .  The average e l e v a t io n  of  Donohoe i s  76 m above mean sea 
l e v e l .  Local r e l i e f  may be as much as 40 m.
The c l im ate  o f  th e  Donohoe area  i s  s i m i l a r  to  t h a t  a t  Durango, 
except  f o r  local  d i f f e r e n c e s  due to  topography. Monthly c l im a t i c  
da ta  f o r  the  course of the study are  presen ted  in Table 3.
The ove rs to ry  o f  Donohoe i s  mostly l o b lo l l y  p in e ,  s h o r t l e a f  
p in e ,  water  oak, and sweetgum. The midstory  i s  c h a ra c te r iz e d  by 
e a s t e rn  hophornbeam and f lowering dogwood (Tables 72 and 73, 
Appendix). The unders tory  o f  Donohoe i s  dominated by g r a s s e s ,
15
F ig u re  2.  U n d e r s to ry  d e n s i t y ,  Durango l a r g e - b o x - p l o t  
J e f f e r s o n  County ,  M i s s i s s i p p i ,  Ju n e  1977.
F ig u re  3. U n d e r s to ry  d e n s i t y ,  Durango c o n t r o l - p l o t ,  
J e f f e r s o n  County ,  M i s s i s s i p p i ,  June  1977.
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winged elm, blackgum, yellow jessamine and sweetgum {Tables 74 and 75, 
Appendix).
Procedures
Cavity Se lec t ion  C a v i t i e s  were lo ca ted  in the  th re e  h a b i t a t s  from 
20 January to  16 February 1977. A 0 .4-ha  p lo t  was d e l in e a te d  and 
b inocu la rs  were used to  examine each t r e e  on the  p lo t .  When a 
p o t e n t i a l  c a v i ty  was lo c a te d ,  i t  was in sp e c ted ,  i f  p o s s ib l e ,  and i f  
th e  en trance  was a t  l e a s t  5 x 5 cm and the  c a v i ty  was a t  l e a s t  10 cm 
deep, then the  c a v i ty  lo c a t io n  was recorded and the  t r e e  marked with 
p l a s t i c  f lag g in g .  Since a t  l e a s t  30 c a v i t i e s  were needed f o r  an 
adequate sample s i z e ,  and some lo ss  due to  a t t r i t i o n  could be expected,  
a t  l e a s t  35 c a v i t i e s  were loca ted  in  each h a b i t a t  type .  A f te r  a l l  of 
the  c a v i t i e s  had been loca ted  on one 0.4-ha  p l o t ,  ano ther  0 .4 -ha  p l o t  
was e s t a b l i s h e d  ad jacen t  to  the  f i r s t  and the  procedure was repeated  
u n t i l  the  d e s i red  number of  c a v i t i e s  (35 or  more) was a t t a i n e d .  All 
o f  the  c a v i t y - t r e e s  were numbered with p a in t  and the boundary of the 
e n t i r e  p l o t  was marked with p a in t  and /or  f lag g in g .  An average of  
0 .5  man-hours was spent  lo c a t in g  and in sp e c t in g  each c a v i ty .  Inspec­
t io n  o f  some c a v i t i e s  requ i red  as much as two hours while  o thers  
requ i red  only about  ten  minutes. Climbing sp ikes  and Swedish climbing 
ladders  were used to  gain access  to  c a v i t i e s .
Ben Hur con tro l  p lo t  was 0.8 ha with 70 c a v i t i e s ,  Durango contro l  
p l o t  was 1.2 ha with 46 c a v i t i e s  and Donohoe contro l  p l o t  was 2.8  ha 
with 47 c a v i t i e s .
Box Erec t ion  Nest boxes were c o n s t ru c ted  from 2.5-cm th ic k  rough- 
sawn baldcypress  (Figure 4) .  Sides and tops o f  some boxes were 
composed of  two or  more narrow boards sp l i c e d  to g e th e r  with 3 x 3 cm 
e l e c t r i c a l  s t a p l e s .  Number 8 common n a i l s  were used to  f a s t e n  the  s id e s  
and bottoms of  boxes. A s h e l f  15 x 13 x 2.5 cm was placed in s id e  la rge  
boxes approximately  8 cm below th e  en trance  to  encourage use by small 
c a v i ty - n e s t e r s  t h a t  might r eq u i re  a s h o r t e r  d i s t a n c e  from the  cav i ty  
f l o o r  to  th e  en t ran ce .  No she lves  were placed in  medium or  small 
boxes. Boxes were provided with 5 to  10 cm of  pine shavings and were 
numbered with  p a in t  on the  s id e  oppos i te  the  en t rance .
Boxes were wired to  p rev ious ly  s e l e c te d  t r e e s  a t  a h e igh t  of 
approximately  5.8 m, the  average he igh t  of  a l l  na tu ra l  c a v i t i e s  a t  
Ben Hur c o n t r o l - p l o t .  Entrances of  boxes faced roughly north  or e a s t ,  
away from the  p re v a i l in g  winds in the  spr ing  and-summer.
Five 0 .8-ha  p lo t s  were e s t a b l i s h e d  near  Ben Hur c o n t r o l - p l o t  
between 22 February and 6 March 1977. At l e a s t  70 m separa ted  a l l  
p l o t s .  Cav i ty -bear ing  t r e e s  on a l l  p l o t s  were marked with p a in t .
All marked t r e e s  were cut  down on th re e  p lo t s  r e s u l t i n g  in basal  area  
reduc t ions  o f  57 p e rcen t  (Ben Hur l a r g e - b o x - p l o t ) , 66 pe rcen t  (Ben 
Hur medium-box-plot) and 58 p e rcen t  (Ben Hur sm a l l -b ox -p lo t )
(Tables 58-60, Appendix).
T h i r ty  la rg e  boxes were e re c te d  on Ben Hur l a r g e - b o x -p lo t ,  30 
medium boxes were e re c te d  on Ben Hur medium-box-plot and 30 small 
boxes were e re c te d  on Ben Hur sm a l l -b o x -p lo t  from 27 February to  
5 April 1977. Boxes were spaced 12 m a p a r t  w i th in  the  rows and 20 m 
a p a r t  between the  rows. These th re e  p lo t s  were used to  t e s t  the
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Figure 4 Right s id e  and f r o n t  views o f  a 1) la rg e  n e s t  box, 2) medium 
n e s t  box, and 3) small n e s t  box. Boxes were con s t ru c ted  o f  






e f f e c t  of  box s i z e  on use by w i l d l i f e .
T h ir ty  la rg e  boxes were e rec ted  on Ben Hur l a rg e -b o x -u n c u t -p lo t ,  
with spacing as above, from 14 April t o  20 April  1977. The en trances  
of  most of  th e  na tu ra l  c a v i t i e s  on t h i s  p l o t  were covered with 
galvanized screen ing  to  prevent  admittance by most v e r t e b r a t e s .  
Comparison o f  box use a t  Ben Hur l a rg e -b o x -p lo t  with box use a t  Ben 
Hur la rg e -b o x -u n c u t -p lo t  was used to t e s t  the  e f f e c t  o f  c u t t i n g  on 
use of n e s t  boxes by w i l d l i f e .
F i f teen  boxes were e rec ted  on Ben Hur b o x -c a v i ty -p lo t  from 
17 March to  25 March 1977. Boxes were spaced 24 m a p a r t  w i th in  the  
rows and 20 m a p a r t  between th e  rows. Galvanized screen ing  was s ta p le d  
over the  en trances  of  a l l  but  15 s i m i l a r l y  spaced n a tu ra l  c a v i t i e s  
on t h i s  p lo t .  This t rea tm en t  t e s t e d  p re fe rence  f o r  boxes or  na tu ra l  
c a v i t i e s  where both were equa l ly  a v a i l a b l e .
A 1 .2-ha  p lo t  was e s t a b l i s h e d  in a cottonwood p l a n t a t i o n  near  the  
Durango r i v e r f r o n t  hardwood contro l  p l o t ,  29 January 1978. T h i r ty  
l a rg e  boxes were e re c te d  on Durango la r g e - b o x -p lo t ,  29-30 January 
1977, spaced 20 m a p a r t  w i th in  the  rows and 21 m a p a r t  between the  
rows. Two 0 .4-ha  p lo t s  were e s t a b l i s h e d  in the  cottonwood p l a n t a t i o n  
near  Durango l a r g e - b o x -p lo t ,  20 February 1977. Ten medium boxes 
were e rec ted  on Durango medium-box-plot and ten  small boxes were 
e rec ted  on Durango sm a l l -b o x -p lo t ,  with spacing as above.
A 2 .8 -ha  p lo t  was e s t a b l i s h e d  in the  upland mixed pine-hardwood 
s tand  a t  Donohoe P l a n ta t io n ,  12 February 1977. T h ir ty  l a rg e  boxes 
were e rec ted  on Donohoe l a rg e - b o x -p lo t ,  12-13 February 1977, and 
spaced 32 m a p a r t  w i th in  the  rows and 30 m a p a r t  between the  rows.
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Two 0 .9-ha  p lo ts  were e s t a b l i s h e d ,  19 February 1977, near  Donohoe 
la rg e -b o x -p lo t .  Ten medium boxes were e rec ted  on Donohoe medium-box- 
p lo t  and ten  small boxes were e rec ted  on Donohoe sm a l l -b o x -p lo t ,  with 
spacing as above. Most o f  th e  na tu ra l  c a v i t y - t r e e s  on the se  th re e  
p lo t s  were cu t  down between 22 February and 6 March 1977. Addit ional  
c a v i ty  and non-cav i ty  t r e e s  were cu t  down during a commercial t imber 
h a rves t  in December 1977. The basal a rea  on Donohoe la rg e -b o x -p lo t  
was reduced 38 pe rcen t  fo l lowing c u t t i n g  (Table 73, Appendix). Boxes 
were the  exc lus ive  form o f  c a v i ty  on a l l  t r e a t e d  p lo t s  except  Ben 
Hur b o x -c a v i ty -p lo t .  Natural c a v i t i e s  were the  exc lus ive  form of 
c a v i ty  on a l l  con tro l  p l o t s .
Hourly Microclimate Solar  r a d i a t i o n  i s  r a d i a t i o n  (0 .2  - 4 .5  m 
wavelength) emanating from th e  sun and measured as d i r e c t ,  s c a t t e r e d  
o r  d i f f u s e  r a d i a t io n  (Ford-Robertson 1971:248). Light  i s  the  
sensa t ion  produced on the human (and presumably o th e r  o rgan isms ')  
eye and b ra in  by e lec t rom agne t ic  r a d i a t i o n  (Anderson 1964:427).
Temperature, r e l a t i v e  humidity,  s o l a r  r a d i a t i o n  and l i g h t  were 
measured in s id e  and ou ts id e  o f  two randomly s e l e c te d  boxes on Ben 
Hur l a rg e -b o x -p lo t  and in s id e  and ou ts id e  of  two randomly s e l e c te d  
n a tu ra l  c a v i t i e s  on Ben Hur c o n t r o l - p l o t  every hour fo r  24 conse­
c u t iv e  hours twice a month f o r  18 months. S im i la r ly ,  the  same 
measurements were taken a t  one box on Ben Hur l a rg e -b o x -u n c u t -p lo t  
ev e r -'' t h r e e  hours . Readings were begun 15 minutes before  the  hour 
and the  l a s t  reading was f i n i s h e d  by 15 minutes a f t e r  the  hour.  
Readings were always made in the  same o rder  to  ensure  cons is tency .
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Monthly Microclimate Presen t  tem pera tu re ,  maximum tem pera tu re ,  
minimum tem pera ture ,  r e l a t i v e  humidity, s o l a r  r a d i a t i o n  and l i g h t  data  
were c o l l e c t e d  a t  f i v e  randomly s e l e c te d  boxes on Ben Hur large-box-  
p l o t  and a t  f i v e  randomly s e le c te d  na tura l  c a v i t i e s  on Ben Hur con tro l  - 
p l o t  f i v e  days per month f o r  18 months. Five s e t s  o f  measurements 
were taken a t  a box and a na tu ra l  c av i ty  a t  the  same time a f t e r  o f f i ­
c i a l  s u n r i s e  (+30 minutes)  each day. At l e a s t  60 minutes separa ted
each s e t  o f  measurements. For in s t a n c e ,  readings  were taken a t
0900, 1000, 1400, 1500 and 1600 hours i f  o f f i c i a l  s u n r i s e  were a t
0630 hours (CST).
Temperature data  were c o l l e c t e d  to  the  n e a re s t  0.1°C with Taylor 
maximum-minimum thermometers. Thermometers were checked f o r  c on s is ­
tency before  use. One thermometer was placed in s id e  each box and 
na tu ra l  c a v i ty  and ano ther  thermometer was placed o u t s id e ,  w i th in  1 m 
of  the  box or  na tu ra l  c a v i ty .  Thermometers were r e s e t  to  p re sen t  
tempera ture  whenever maximum or  minimum tempera tures  were recorded.
R e la t ive  humidity da ta  were c o l l e c t e d  to  the  n e a r e s t  1 percen t  
wi th  a Beckman hygrometer from 11 June to  18 September 1977 a t  which 
time se r io u s  malfunctions precluded f u r t h e r  use of  t h i s  ins t rument .  
R e la t ive  humidity da ta  were c o l l e c t e d  from 13 August 1977 to  12 
December 1978 using Humichek hygrometer-thermometer. Advert ised 
accuracy of  t h i s  ins t rument  i s  +3 percent  in  the  middle of th e  r e l a t i v e  
humidity s c a l e .  The sensor  of  the  hygrometer was placed 15 cm in s id e  
th e  n e s t  box or  na tu ra l  c av i ty  pe rp en d icu la r  to  the  plane of  en trance  
and allowed to  s t a b i l i z e  f o r  two to  th ree  minutes before  a reading 
was taken. The sensor was then removed from the c a v i ty  and again
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allowed t c  s t a b i l i z e  to ob ta in  ambient r e l a t i v e  humidity.
S t a b i l i z a t i o n  time was g r e a t e r  when the  d i f f e r e n c e  between in te rn a l  
and ambient r e l a t i v e  humidity was g r e a t e r  than 25 percen t  or  when 
the  ambient r e l a t i v e  humidity was g r e a t e r  than 95 pe rcen t .
Temperature and r e l a t i v e  humidity were checked with a C ase l la  
hygrothermograph mounted on a p la t form 1.2 m above the  ground in the  
f o r e s t  between Ben Hur c o n t r o l - p l o t  and Ben Hur l a rg e -b o x -p lo t .
So la r  r a d i a t i o n  and l i g h t  da ta  were c o l l e c te d  with a LICOR-185 
photometer-pyranometer-quantum meter with in te rchang eab le ,  cos ine-
2
c o r re c te d  senso rs .  Data were c o l l e c t e d  to  the  n e a r e s t  0.1 watts /m 
and to  the  n e a re s t  1 .0  lux ,  r e s p e c t iv e ly .  Advertised accuracy i s  
+1 pe rcen t  over the  t o t a l  range {0.0-3000 watts /m2 ; 0-3xl05 lu x ) .  
Accuracy was checked p e r i o d i c a l ly  with ano the r  id e n t i c a l  u n i t .
Accuracy o f  s o l a r  r a d i a t i o n  readings  decrease  with inc reas ing  d i f f u s e  
s o l a r  r a d i a t i o n ,  but  provides an adequate index f o r  t o t a l  i s o l a t i o n .  
Four s o l a r  r a d i a t i o n  and four  l i g h t  readings  were taken a t  each box 
and a t  each na tu ra l  c a v i ty  a t  each occasion .  The f i r s t  measurement 
was taken 15 cm in s id e  th e  n a tu ra l  c a v i ty  or  n e s t  box pe rpend icu lar  
to  the  plane of  en trance  with th e  sensor  fac ing  the  en trance  to  
measure the  i n t e r n a l  incoming s o l a r  r a d i a t i o n  or  l i g h t .  Since 
Anderson (1964:443) suggested t h a t  albedo be accounted f o r  in a l l  
i r r a d i a n c e  measurements, th e  second reading was taken 15 cm in s id e  the 
n a tu ra l  c a v i ty  or  box with the  sensor  fac ing  180° from the  f i r s t  
read ing .  This measurement provided an index to  the  amount of  l i g h t  
o r  s o l a r  r a d i a t i o n  r e f l e c t e d  from the  in s id e  of  the  box or na tu ra l  
c a v i ty .  The t h i r d  reading was taken ou ts id e  th e  box or  na tu ra l
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c a v i ty ,  p a r a l l e l  to  the  box or  t r e e  s u r f a c e ,  with the  sensor  fac ing  
away from the  s u r f a c e ,  thereby measuring the  amount of  s o l a r  r a d i a t i o n  
or l i g h t  s t r i k i n g  the  su r face  of  the  box or na tu ra l  c a v i t y - t r e e .
The f i n a l  reading was taken o u ts ide  of  the  box or  na tu ra l  c a v i ty ,
2 .5  cm from the  su r fa ce  o f  th e  box or  n a tu ra l  c a v i t y - t r e e ,  with the  
sensor  f ac ing  the  su r f a c e ,  providing an index to  the  amount of  s o l a r  
r a d i a t i o n  or  l i g h t  r e f l e c t e d  from th e  su r fa ce .
Microcl imate da ta  c o l l e c t io n  began 8 June 1977 and was term ina ted  
12 December 1978. Data were not  c o l l e c t e d  during ra ins torm s s ince  
damage to  equipment may have r e s u l t e d .  I f  no data  were c o l l e c t e d  f o r  
one box or  n a tu ra l  c a v i ty ,  then no da ta  were c o l l e c t e d  f o r  any o th e r  
box or  na tu ra l  c a v i ty  a t  t h a t  time. This ensured equal sample s iz e s  
between p l o t s .
The null  hypothes is  t h a t  a l l  hourly measurements were equal 
between p l o t s ,  months, days,  c a v i t i e s  and times was t e s t e d  with a 
completely  randomized design a n a ly s i s  of  va r iance  (Snedecor and 
Cochran 1967:279):
Y = u  + M + D/M + A + N / A + T + M x A + M x  N/A + M/D x N/A +
A x T + M x T + N/A x T + M x T x N/A + €
where: Y -  each observa t ion  o f  a dependent v a r i a b le
u  = the  o v e ra l l  mean
M = the  e f f e c t  due to  months
D/M = the  e f f e c t  due to  days within  months
A = the  e f f e c t  due t o  p lo t
N/A = the  e f f e c t  due to  c a v i t i e s  w i th in  each p l o t
T = the  e f f e c t  due to  time of  day
€ = the  r e s id u a l
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The e f f e c t  due to  months was t e s t e d  with D/M as an e r r o r  term.
The e f f e c t  due to p lo t  was t e s t e d  with M x N/A as an e r r o r  term.
The e f f e c t  due to  time was t e s t e d  with M x T x N/A as an e r r o r  term.
The nu l l  hypothesis  t h a t  a l l  monthly microcl imate  measurements 
were equal between p l o t s ,  months, hours ,  and lo c a t io n  in s id e  or 
o u t s id e  the  c a v i ty  was t e s t e d  with a completely randomized design 
a n a ly s i s  of  va r iance  (Snedecor and Cochran 1967:279):
Y = u  + M + D/M + H +  A + L + M x T  + D/M x H  + M x A  + H x A  + 
M x H x A + e
where: Y = each observa t ion  of  a dependent v a r ia b le
u  = the  o v e ra l l  mean 
M = the  e f f e c t  due to  months
D/M = the  e f f e c t  due t o  days w i th in  months
H = the  e f f e c t  due to  hour
A -  the  e f f e c t  due to  p l o t
L = the  e f f e c t  due t o  lo c a t io n
€ = res idua l
The e f f e c t  due to  months was t e s t e d  with D/M as an e r r o r  term.
The e f f e c t  due to  hour was t e s t e d  with D/M x H as an e r r o r  term.
The e f f e c t s  due to p l o t  and lo c a t io n  were t e s t e d  with the  r e s id u a l  as 
an e r r o r  term.
Monthly maximum and minimum temperature  da ta  were analyzed with 
a randomized block design a n a ly s i s  of  v a r iance  (Snedecor and Cochran 
1967:303).
Since hourly microclimate  read ings  were c o l l e c t e d  a t  the  box on 
the  uncut p lo t  l e s s  f r e q u e n t ly  than those  on the  cu t  p l o t  o r  the
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contro l  p l o t  th e  r e s u l t s  were graphed f o r  comparative purposes but  the  
da ta  were not  sub jec ted  t o  any s t a t i s t i c a l  ana lyses .
Hourly and monthly data  were s t r a t i f i e d  by synopt ic  weather types 
with a synoptic  weather ca lendar  provided by R. Muller ,  Department of 
Geography and Anthropology, LSU. Means f o r  each v a r i a b le  were then 
obta ined  by synop t ic  weather type (Muller  1978).
Cavity C h a r a c t e r i s t i c s  Data were c o l l e c t e d  on 30 c h a r a c t e r i s t i c s  of  
a l l  boxes and n a tu ra l  c a v i t i e s  to  a l low comparison of  th e s e  c h a r a c t e r ­
i s t i c s  among h a b i t a t  types and to  determine which c h a r a c t e r i s t i c s  
were c o r r e l a t e d  with use by c e r t a i n  sp e c ie s .  Those c h a r a c t e r i s t i c s  
of  the  boxes and na tu ra l  c a v i t i e s  were:
Entrance shape (round, t r i a n g u l a r ,  square ,  r e c t a n g u la r ,  oval 
or i r r e g u l a r )




Cavity h e igh t  (cm)
Compass d i r e c t i o n  (degrees azimuth)
Angle from hor izon ta l  of  c a v i ty  en trance  (0° = down; 180° = up) 
Location of  c av i ty  in t r e e  (bole vs. limb)
Frequency under limb (percen t)
Cavity o r ig in  (animal-made, man-made, n a tu r a l )
Tree c h a r a c t e r i s t i c s  in which the  box o r  n a tu ra l  c a v i ty  occurred
were:
Species 
Age (years)  
dbh (cm)
Height (m)
S i t e  1
Snag (+ o r  - ) 1
Height o f  the  lowest l i v e  branch (m)
Angle of  lean from v e r t i c a l
^A snag i s  any dead t r e e  over 10 cm dbh and over 2 .0  m t a l l .
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Presence of  a fo rk
Height o f  fork i f  p re sen t  (m)
Percent  bark on t r e e  
Presence or absence of  l i an a  
Species of  l i a n a s  i f  p resen t  
Height o f  cav i ty  in t r e e  (m)
Diameter o f  t r e e  a t  the  c a v i ty  (cm)
Number of  c a v i t i e s  in the  same t r e e  
Distance to  n e a re s t  c a v i t y - t r e e  (m)
Distance to  water  (m)
Number of  t r e e s  over 10 cm dbh in a 0 .0 2 - ha p l o t  surrounding the  
c a v i t y - t r e e
Data f o r  i n a c c e s s ib le  c a v i t i e s  were e s t im ated .  Cavity dimensions 
were measured to  the  n e a re s t  1 cm with a s t e e l  tape .  A 30 m m e ta l l i c  
tape  was used to  measure ground d i s t a n c e s .  A Suunto c l inom eter  was 
used to  measure he igh t  c h a r a c t e r i s t i c s  to  the  n e a re s t  0.1 m, to  
measure the  angle  of  the  c av i ty  en trance  from h o r izon ta l  and to  
measure the  angle  of c a v i t y - t r e e  lean .  Entrance d i r e c t i o n  was measured 
to  the  n e a r e s t  degree azimuth with a Leopold compass.
An increment borer  was used to  e x t r a c t  a core from each t r e e  
con ta in ing  a box or na tu ra l  c a v i ty .  Age a t  b r e a s t  he igh t  (1.37 m) 
was determined by counting annual r i n g s .  Ages o f  hollow t r e e s  were 
not  e s t im ated .
Tree d iameters  were measured to  th e  n e a re s t  1 cm with a diameter
tape .
Percen t  bark on t r e e s  and q u a l i t a t i v e  c h a r a c t e r i s t i c s  were 
es t im ated  o c u la r ly .  S i t e  i s  r i d g e ,  slough or f l a t  in the  bottomland 
h a b i t a t s ,  or  r id g e to p ,  upper 1/3 s lo p e ,  middle 1/3 s lo p e ,  lower 1/3 
s lope  or drainage  bottom in  the  upland h a b i t a t .
Data were coded, keypunched and v e r i f i e d .  The data  were 
sub jec ted  to  a completely  randomized design a n a ly s i s  o f  var iance  
(Snedecor and Cochran (1967:279).
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The c o r r e l a t i o n  procedure was used to  determine which c h a r a c t e r ­
i s t i c s  were c o r r e l a t e d  with use by c e r t a i n  sp ec ies  (Snedecor and 
Cochran 1967:172).
Bird Observations Bird counts were conducted twice a month from 
12 February 1977 to  10 February 1979 a t  Durango c o n t r o l - p l o t ,
Durango l a r g e - b o x - p lo t ,  Donohoe c o n t r o l - p l o t  and Donohoe la rge-box-  
p lo t .  Counts were made f i v e  times a month from 15 February 1977 to 
15 February 1979 a t  Ben Hur c o n t r o l - p l o t  and Ben Hur l a rg e -b o x -p lo t .
The observer  walked slowly around the  per im ete r  of  each p lo t  
fo r  one hour , record ing  a l l  b i rd s  seen o r  heard.  Binoculars (7x50) 
were used to  a id  i d e n t i f i c a t i o n .  Birds f ly in g  over the  p l o t  were not 
recorded except  f o r  r a p t o r s ,  goatsuckers  or  sw i f t s  which could use 
the  a rea  f o r  feed ing .  Most obse rva t ions  were made a t  dawn or  dusk.
Small Mammal Trapping T h i r ty  Museum Spec ia ls  were s e t  on each p l o t  
a t  the  base o f  each box or n a tu ra l  c a v i t y - t r e e ,  one n igh t  each month,
5 May 1977 to  24 February 1979. "Crunchy" s t y l e  peanut b u t t e r  was 
used as b a i t .  The d a te ,  s p e c i e s ,  l o c a t io n  o f  cap tu re  and sex was 
recorded f o r  each cap tu re .
Vegetation Inventory  A 20 p e rcen t  c ru i s e  o f  a l l  p lo t s  except  Durango' 
small-box,  Durango medium-box, Donohoe small-box and Donohoe medium- 
box-p lo ts  was made from 20-25 May 1977 and 19 September 1978 to  
quan t i fy  th e  ov e rs to ry  v e g e ta t io n .  Spec ies ,  dbh and he igh t  were 
recorded f o r  each t r e e  w i th in  each 0 .04-ha  c i r c u l a r  p lo t .  Basal area  
per  ha, average d iam ete r ,  average h e ig h t ,  r e l a t i v e  d e n s i ty  and r e l a t i v e  
dominance were c a l c u l a t e d  f o r  each spec ie s  by area  (Cox 1976:35).
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Understory vege ta t ion  was q u a n t i f i e d  from 3-4 September 1977 
and from 27 Ju ly  to  22 September 1978 with a modif ied Aldous browse 
survey desc r ibed  by Noble and Murphy (1975). T h i r ty  0.0004-ha 
c i r c u l a r  p l o t s  were e s t a b l i s h e d  on each study p l o t ,  3 m west o f  each 
box-bearing t r e e  or  in a s i m i l a r  g r id  p a t t e r n  on con tro l  a r e a s .  Cover 
of  each p la n t  taxon was es t im ated  o c u la r ly  f o r  any p o r t ion  o f  the  
p l a n t  below 1.8  m (Noble and Murphy 1975). The median of  each 
10 pe rcen t  b racke t  of  cover was used as the  cover e s t im a te .  The 
pe rcen t  f requency ,  p e rcen t  ground cover and average p e rc en t  ground 
cover ( r e l a t i v e  abundance) was c a l c u l a t e d  f o r  each taxon.  All surveys 
were made in l a t e  summer s in ce  Murphy and Noble (1972) repor ted  the  
l a r g e s t  number of p l a n t  sp ec ie s  encountered could be expected in 
August in a bottomland hardwood a rea  in  Tensas P a r i sh ,  Louis iana.
A c t iv i ty  Counters A c t iv i t y  counte rs  were a t tac h ed  to  the  en trances  
o f  ten  randomly s e l e c te d  n e s t  boxes on Ben Hur l a rg e -b o x -p lo t  and , 
t en  randomly s e le c te d  n a tu ra l  c a v i t i e s  on Ben Hur c o n t r o l - p l o t ,
7 October 1977.
Each counter  c o n s i s ted  of  a mercury switch fa s tened  to  the  under­
s id e  of  a wooden t r e a d l e  (2 .5  x 10 cm). The mercury switch was wired 
to  a coun te r ,  powered by a 12 -v o l t  b a t t e r y .  Counter design r e s u l t e d  
from ideas presen ted  by Lawrence and Sherman (1963), Balgooyen (1972), 
Carlson and Sloan (1976),  W. Dodge (1976, U n ive rs i ty  o f  Massachusetts ,  
Amherst, personal communication), and Lieberman and McCarthy (1976). 
The b a t t e r y  and coun te r  were housed in  a 20 x 20 x 20-cm wooden box 
which was covered with p l a s t i c  and n a i l e d  to  th e  t r e e  near  the  n e s t  
box or  na tu ra l  c a v i ty .
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Connections were sea led  with e l e c t r i c a l  tape  o r  epoxy. A wire 
s top  was placed beneath the  t r e a d l e  to  prevent  the  t r e a d l e  from 
being depressed too f a r  and thereby causing damage to  the  mercury 
switch .  The s e n s i t i v i t y  o f  the  t r e a d l e  was ad jus ted  to  allow a c t i ­
va t ion  when about 10 g or  more were placed on the end of  the  t r e a d l e .  
This allowed a c t iv a t io n  by organisms as small as a Carolina  chickadee 
(Baldwin and Kendeigh 1938).
Readings were taken from each counter  every seven days. All u n i t s  
were t e s t e d  a t  l e a s t  once every two weeks. Data c o l l e c t i o n  began 
14 October 1977 and was term ina ted  6 February 1979. Data were coded, 
keypunched and v e r i f i e d .  The nu l l  hypothesis  t h a t  the  number of 
en trances  and e x i t s  were equal a t  both c a v i ty  types was t e s t e d  with 
a randomized block design a n a ly s i s  o f  va r iance  (Snedecor and Cochran 
1967:303).
Natural Cavity and Nest Box Inspec t ion  All ne s t  boxes and na tu ra l
c a v i t i e s  were checked every four  weeks (j  ̂ one week) f o r  any s igns  of
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animal use ( h a i r ,  f e a t h e r s ,  ne s t  , or s c a t s ) .  Use by a l l  i n v e r t e b r a te s  
and v e r t e b r a t e s ,  and presence o r  absence o f  n e s t in g  m a te r ia l  was 
recorded fo r  each n e s t  box and n a tu ra l  c a v i ty .  Use was recorded to  
the  lowest  p o ss ib le  taxonomic group which could a c c u ra te ly  be d e t e r ­
mined on the  ba s i s  of  th e  a v a i l a b l e  s ign .  The presence or absence of 
water was a l so  recorded f o r  a l l  na tu ra l  c a v i t i e s .  One c a v i ty  check i s  
one n a tu ra l  c a v i ty  or  one n e s t  box inspected  fo r  animal use during one 
sampling per iod .  All animal s ign  was removed (except  n e s t s )  a t  each
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A n e s t  i s  any s t r u c t u r e  made in a c a v i ty  by a s p i d e r ,  soc ia l  
i n s e c t  or  v e r t e b r a t e .
in sp e c t io n .
The bow-fishing method descr ibed  by Gysel (1961) was a t tempted 
severa l  t im es ,  but  was found to  be more time consuming than ladders  or
climbing sp ik es .  Natural c a v i t i e s  were inspected  with  a m ir ro r  and
f l a s h l i g h t  (S e id en s t ick e r  and Kilham 1969) or  with a l i g h te d  periscope 
(Dewees e t  a l . 1975). Natural  c a v i t i e s  in some snags ,  in dead or  small 
l imbs, or above 18 m high were not  in sp ec ted .  Use in the se  na tu ra l  
c a v i t i e s  was determined by a t  l e a s t  two hours of  observa t ion  with 
b inocu la rs  a t  dusk or  dawn each sampling per iod .
Data were coded, keypunched and placed on computer d isk  f o r  
a n a l y s i s .  Frequency of  occurrence was c a lc u la t e d  f o r  each c a v i ty -  
using taxon by area  and by sampling period where:
P p r r p n +  f r p m j p n r v  = Number o f  c a v i t i e s  used (,QQ)
Percen t  frequency Number o f  c a v i t i e s  checked [iUU}
The null  hypothesis  t h a t  use by a species  or a group o f  spec ies  
was equal on a l l  p lo t s  was t e s t e d  with a randomized block design 
a n a ly s i s  o f  va r iance  (Snedecor and Cochran 1967:303).
The General Linear  Models procedure of the  S t a t i s t i c a l  Analysis 
System was used whenever the  sample s i z e s  among t rea tm en ts  were not 
equal (Barr e t  a l . 1976:127). The Duncan's Mult ip le  Range opt ion  was 
used to  al low a l l  p o s s ib le  comparisons of  t rea tm en ts  (Ste^;  and Torie  
1960:107).
The r e s u l t s  o f  t h i s  s tudy may have been a f f e c te d  by severa l  forms 
o f  b ia s .  Cavity use by small mammals may have been adverse ly  a f f e c t e d  
due to  small mammal t r a p p in g ,  but s ince  t rapp ing  was equal on a l l  
p l o t s ,  the  use recorded should be an accu ra te  index to  t o t a l  small 
mammal use.
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Hunting of  gray and fox s q u i r r e l s  was allowed a t  Donohoe and 
Durango. Three gray s q u i r r e l s  were known harvested from Donohoe 
control  p lo t  and two from Donohoe large-box p lo t .  I l l e g a l  hunting
was noted a t  Ben Hur both years .
My presence may have adverse ly  a f fe c te d  cav i ty  use by species
such as p i le a te d  woodpeckers and brown-headed nuthatches.  My presence
may have a lso  a f fe c te d  s o l a r  r a d ia t io n  and l i g h t  r ead ings ,  but t h i s  
a f f e c t  should have been constant  throughout the  study.
RESULTS AND DISCUSSION
Macroclimate
The percentage o f  occurrence of  each synopt ic  weather type f o r  
days on which data  were c o l l e c t e d  over the  course of  t h i s  s tudy agree 
c lo s e ly  with t h r e e - y e a r  averages provided by R. Muller,  Department of 
Geography and Anthropology, LSU.
In most in s tances  the  mesoclimate with in  the  f o r e s t  s tand was 
d i r e c t l y  a f f e c te d  by synop t ic  weather types .  Stand s t r u c t u r e  and 
composition a l so  a f f e c t  the  mesoclimate w i th in  the  f o r e s t  s tand .  
Geiger (1965:298-368) descr ibed  in  some d e t a i l  the  a f f e c t  of  a f o r e s t  
s tand on the  c l im ate  with in  i t .
The microcl imate  w i th in  a n e s t  box or  n a tu ra l  c a v i ty  with in  the  
f o r e s t  s tand i s  a func t ion  o f  synopt ic  weather type ,  t im e,  the  
composition and s t r u c t u r e  of  the  f o r e s t  s ta n d ,  the  lo c a t io n  (both 
h o r i z o n ta l l y  and v e r t i c a l l y )  o f  the  box or  na tu ra l  c a v i ty  in the  
s tan d ,  and the  c h a r a c t e r i s t i c s  of each box or  n a tu ra l  c av i ty .
Mesoclimate
Ambientl Temperature Mean hourly ambient tempera ture  on Ben Hur 
c o n t r o l - p l o t  was not  d i f f e r e n t  (p > 0 . 0 5 )  from t h a t  on Ben Hur 
l a r g e -b o x -p lo t  (Table 4 ) .




Table 4. Average temperature ( C), re lative humidity (%), solar radiation (watts/m ) ,  and light  
( lux),  Den Hur, East Baton Rouge Parish, Louisiana, June 1977 to December 1978 
(standard error indicated parenthetically).
Climatic factor Hourly Monthly
Nest boxes Natural cavities Nest boxes Natural cavities
Internal temperature 
(Hh = 3450; Nm = 900)
18.9 18.2 (0.05) 22.1 18.9 (0.17)
Ambient temperature 
(Nh = 3450; Nm = 900)
18.3 18.3 (0.04) 22.3 21.6 (0.10)
Internal relative humidity 
(Nh = 2202; Nm = 590)
72.7 73.6 (0.36) 61.9 66.3 (0.29)
Ambient re lat ive  humidity 
(Nh = 2202; Nm = 590)
70.4 69.2 (0.15) 57.2 56.8 (0.21)
Internal incoming solar 
radiation
(Nh = 1850; Nm = 900)
9.16 4.44 (0.15) 9.28 6.64 (0.19)
Internal reflected solar 
radiation
(Nh = 1850; Nm = 900)
0.90 0.30 (0.015) 1.02 0.26 (0.015)
Ambient incoming solar 
radiation
(Nh = 1850; Nm « 900)
46.3 26.5 (1.0B) 49.8 87.2 (3.36)
Ambient reflected solar  
radiation
(Nh = 1850; = 900)
14.8 8.2 (0.40) 17.3 22.1 (0.92)
Internal incoming light  
(Nh = 1850; = 900)
335 176 (8.2) 309 284 (7.9)
Internal reflected light
(N. = 1850; N = 900) n m
12.1 5.4 (0.22) 11.6 4.0 (0.21)
Ambient incoming light  
(Nh = 1850; Nm = 900)
2501 1108 (132.4) 2258 5875 (282.1)
Ambient reflected light  
(Nh = 1850; «m = 900 )
522 205 (29.2) 422 693 (30.0)
= hourly data
N = monthly data m
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Ambient temperature  a t  th e  box in th e  u n c u t -p lo t  was lower than 
ambient tempera tures  on the c o n t r o l - p l o t  or  the  l a r g e - b o x -p lo t ,  
poss ib ly  due to  c lo s e r  proximity  to  w ater .
Average monthly tem pera ture  on Ben Hur c o n t r o l - p l o t  (1 8 .9°C) 
was lower (p < 0 . 0 1 )  than t h a t  on the large-box  p l o t  (22.1°C)
(Table 4 ) .  Since the  monthly data  were c o l l e c t e d  only during day­
l i g h t  hours ,  n ig h t - t im e  da ta  (comprising 50 percen t  of  hourly data)  
were excluded from the  monthly data  s e t .  This may account f o r  the  
d i f f e r e n c e  between p l o t s  found with monthly data  which was not  found 
with hourly d a ta .  Indeed, mean hourly tempera ture  (18.3°C) and mean 
d a i l y  temperature  a t  LSU Ben Hur Experiment S ta t io n  (19 .1°C) were both 
lower than the  mean monthly temperature  on both Ben Hur p l o t s .
Mean monthly maximum tempera ture  was higher on the  la rge -box-  
p l o t  (28 .1°C; SE*0.11) than on the  contro l  p lo t  (27.2°C; SE=0.11)
(p < 0 . 0 1 ) .  Mean monthly minimum tempera ture  on Ben Hur c o n t r o l -  
p l o t  was not d i f f e r e n t  from t h a t  on Ben Hur l a r g e -b o x -p lo t  (12.6°C; 
SE=0.05) (p > 0 . 0 5 ) .  The range between mean monthly maximum temper­
a tu re  and mean monthly minimum tempera ture  was narrower on Ben Hur 
c o n t r o l - p l o t  than on Ben Hur l a r g e - b o x -p lo t .  These r e s u l t s  concur 
with th e  r e s u l t s  o f  th e  hourly data  and those  of  Geiger (1965:315).
Ambient R e la t iv e  Humidity R e la t iv e  humidity da ta  were c o l l e c t e d  f o r  
12 months. Mean hourly r e l a t i v e  humidity was lower on Ben Hur 
c o n t r o l - p l o t  (69.2 percen t)  than on Ben Hur large-box  p l o t  (70.4 
ne rcen t )  (p < 0 . 0 1 ) .
Mean hourly r e l a t i v e  humidity dropped f a s t e r  in  the  morning and
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rose  f a s t e r  in th e  evening on the  l a rg e -b o x -p lo t  than on th e  c o n t ro l -  
p l o t .
Mean monthly r e l a t i v e  humidity on Ben Hur c o n t r o l - p l o t  was not  
d i f f e r e n t  (p >  0.05) from t h a t  on Ben Hur l a rg e -b o x -p lo t  (57.0 percen t)  
(Table 4 ) .  That d i f f e r e n c e s  in monthly r e l a t i v e  humidity were found 
with hourly da ta  but were not  found with monthly data  can p a r t i a l l y  
be explained by a l a r g e r  number o f  observa t ions  taken a t  each cav i ty  
during hourly data  c o l l e c t i o n  and exclusion  o f  high n igh t- t im e  
r e l a t i v e  humidi t ies  from monthly measurements.
Ambient Incoming So la r  Radiation Median d a i ly  in s o l a t i o n  from 1963- 
1973 recorded a t  Lake Charles weather s t a t i o n ,  Calcasieu P a r i sh ,  
Louis iana in d ic a te d  maximum i n s o l a t i o n  occurred in June; minimum 
in s o la t i o n  occurred in January.  This in s o l a t i o n  i s  l a r g e ly  d i r e c t  
s o l a r  r a d i a t i o n  while t h a t  in th e  f o r e s t  s tand  i s  p r im a r i ly  s c a t t e r e d  
and d i f f u s e  s o l a r  r a d i a t i o n  (Anderson 1964:432). Geiger (1965:303) 
and M il le r  (1965:192) repor ted  t h a t  only about 20 percen t  of  the  
ou ts id e  s o l a r  r a d i a t i o n  p e n e t r a t e s  the  canopy reaching the  f o r e s t  
f l o o r .
p
Mean incoming s o l a r  r a d i a t i o n  on the  c o n t r o l - p l o t  (26.5 watts/m )
2was lower (p <  0.01) than t h a t  on the  l a r g e -b o x -p lo t  (46.3 watts/m ) 
(Table 4 ) .
Maximum hourly incoming s o l a r  r a d i a t i o n  occurred a t  1300 hours 
on both p l o t s .  So la r  r a d i a t i o n  remained c o n s i s t e n t l y  higher  on the 
l a r g e - b o x -c u t - p lo t  than on e i t h e r  the  c o n t r o l - p l o t  or  the  la rge-box-  
u n c u t -p lo t  (Figure 5) .
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Figure 5. Temporal va r ia t ion  of hourly ambient incoming so la r  r a d ia t io n ,  Ben Hur, 
East Baton Rouge Parish ,  Louisiana, June 1977 to December 1978 {N = 1850; 
SE = 2.37).
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Monthly averages of  hourly incoming so la r  r a d ia t io n  in d ic a te  t h a t  
both cloud cover and l e a f  cover probably a ffe c te d  in s o la t io n .  Peaks 
occurred when in so la t io n  o u ts id e  the  stand was h ighes t  and when cloud 
cover was lowest (May and June) ,  and troughs occurred when outs ide  
in so la t io n  was lowest and when cloud cover and l e a f  cover were high 
(August to  November) (Figure 6 ) .  Anderson (1964:450) reported 
s im i la r  r e s u l t s  and suggested the  angle of  incidence a lso  inf luences 
i n s o la t io n  values.
Analysis  of monthly incoming s o l a r  r ad ia t io n  produced r e s u l t s  
co n t ra d ic to ry  to  those  of the  hourly da ta .  Monthly incoming so la r  
ra d ia t io n  on the control  p lo t  (87.2 watts/m ) averaged higher 
( p - ^ 0 . 0 1 )  than t h a t  on the  large-box p lo t  (49.8 watts /m ) (Table 4) .
Anderson (1964:449), Reifsnyder e t  a l . (1971), Muller (1971) 
and Gay and Knoerr (1975:40) discussed the  importance of sunflecks 
( d i r e c t  so la r  r a d ia t io n  p en e t ra t in g  the  canopy) to  the  t o ta l  energy 
budget within  f o r e s t  s tands .  Entrance o r i e n ta t io n  of  th ree  natural  
c a v i t i e s  monitored during monthly data  c o l l e c t io n  accounted fo r  
unusually  high frequency o f  sunfleck occurrence.  The sunflecks 
encountered a t  these  th ree  c a v i t i e s  probably accounted fo r  the higher 
in so la t io n  values recorded on Ben Hur c o n t r o l - p lo t  than on Ben Hur 
l a rg e -b o x -p lo t .  Standard e r r o r s  f o r  hourly so la r  r a d i a t i o n  da ta ,  
where few sunflecks were encountered,  were lower than those  fo r  
monthly data  (Table 4) .
Ambient Reflected Solar  Radiation Reflected s o la r  r a d ia t io n  i s  
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Figure 6. Monthly va r ia t ion  of hourly ambient incoming so la r  rad ia t io n ,  Ben Hur,
East Baton Rouge Parish ,  Louisiana, June 1977 to December 1978 (N = 1850: 
SE = 4.31).
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but i t  i s  a l s o  a f f e c te d  by the  amount o f  s c a t t e r i n g ,  the  co lo r  o f  
the  su r fa ce  i t  s t r i k e s  and the t e x tu r e  of t h a t  su r face  (Anderson 1964: 
465, Gay and Knoerr 1975:26). A deciduous f o r e s t  r e f l e c t s  10 to  20 
pe rcen t  o f  th e  incoming s o l a r  r a d i a t i o n  (Gay and Knoerr 1975:27). 
Addit ional  s o l a r  r a d i a t i o n  i s  absorbed, t r a n s m i t te d  or  s c a t t e r e d  
(Muller 1971).
Hourly r e f l e c t e d  s o l a r  r a d i a t io n  d i f f e r e d  (p < 0 . 0 1 )  between 
p lo ts  (p < 0 . 0 1 ) .  Peaks and lows of  hourly r e f l e c t e d  s o l a r  r a d i a t i o n  
occurred a t  the  same t imes as those  f o r  incoming i n s o l a t i o n .
So la r  r a d i a t i o n  r e f l e c t e d  from boxes (32.2 percen t)  was s im i l a r  
to  t h a t  r e f l e c t e d  from na tu ra l  c a v i t y - t r e e s  (31.3 p e rc e n t ) .
Monthly r e f l e c t e d  s o l a r  r a d i a t i o n  d i f f e r e d  (p <  0.01) between 
p lo ts  (Table 4 ) .  S l i g h t ly  more s o l a r  r a d i a t io n  was r e f l e c t e d  from 
boxes (34.7 p e rcen t )  than from n a tu ra l  c a v i t y - t r e e s  (25.3 p e rc e n t ) .
Ambient Incoming Light  No data  a re  a v a i l a b l e  de f in ing  l e v e l s  o f  
l i g h t  ou ts id e  the  f o r e s t  s tand in th e  Baton Rouge a rea .  Since v i s i b l e  
l i g h t  i s  a subse t  of the  s o l a r  r a d i a t i o n  spectrum, the  curve f o r  
incoming l i g h t  should fo l low c lo s e ly  t h a t  f o r  i n s o l a t i o n .
Hourly incoming l i g h t  was higher  (p <  0.01) on Ben Hur l a r g e -  
box-p lo t  (2501 lux)  than on Ben Hur c o n t r o l - p l o t  (1108 lux) (Table 4) .  
Incoming l i g h t  appeared to  be more a f f e c te d  by l e a f  cover  on Ben 
Hur c o n t r o l - p l o t  than on Ben Hur l a rg e -b o x -p lo t .
Monthly ambient incoming l i g h t  d i f f e r e d  ( p <  0.01) between p lo t s  
(Table 4 ) .  High l e v e l s  o f  l i g h t  on Ben Hur c o n t r o l - p l o t  were 
probably the  r e s u l t  of  sunf leck  frequency.
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Ambient ne f l e c t e d  Light  Gay and Knop'r (1975:27) repo r ted  t h a t  4 to  
15 p e rcen t  of  the  l i g h t  s t r i k i n g  a f o r e s t  s tand i s  r e f l e c t e d  from 
the  canopy. Hourly r e f l e c t e d  l i g h t  d i f f e r e d  (p <= 0.01) between p lo t s  
{Table 4 ) .  R e la t iv e ly  more l i g h t  was r e f l e c t e d  from boxes (20.9 
pe rcen t )  than from na tu ra l  c a v i t y - t r e e s  (18.5 p e rc e n t ) .
Mean monthly r e f l e c t e d  l i g h t  d i f f e r e d  (p <  0.01)  between p lo ts  
(Table 4 ) .  R e la t iv e ly  more l i g h t  was r e f l e c t e d  from boxes (18.7 
pe rcen t )  than from na tu ra l  c a v i t y - t r e e s  (11.8 p e rc e n t ) .
Microclimate
In te rn a l  Temperature Hourly i n te r n a l  tempera ture  d i f f e r e d  ( p < 0 . 0 1 )  
between boxes (18.9°C) and na tu ra l  c a v i t i e s  (18.2°C) (Table 4 ) .
Mean maximum hourly  temperature  occurred two hours l a t e r  in n a tu ra l  
c a v i t i e s  than in  nes t  boxes (Figure 7 ) .  The range of  mean hourly 
tempera ture  was narrower in s id e  na tu ra l  c a v i t i e s  than i t  was in s id e  
n e s t  boxes.
Mean monthly tempera tures  in s id e  boxes and na tu ra l  c a v i t i e s  were 
d i f f e r e n t  (p < 0 . 0 1 )  from ambient tem pera tures  (Table 4) (Figures 8 
and 9) .  Kendeigh's (1961) r e s u l t s  on energy conserva t ion  in c a v i t i e s  
a re  q u e s t io nab le  s in ce  he hased h is  experiment on the  premise t h a t  
in te r n a l  and ambient temperatures  were equal .  Since Kendeigh (1961) 
did not  account f o r  thi- d i f f e r e n c e  before  c a l c u l a t i n g  the  amount of 
energy saved by ro o s t in g  in  c a v i t i e s ,  h is  f i g u r e  of  energy conserva­
t io n  was probably i n f l a t e d .
‘Minimum hourly tempera ture  occurred  one hour l a t e r  in s id e  na tu ra l  
c a v i t i e s  than o u t s id e  n a tu ra l  c a v i t i e s  (Figure  8 ) .  This i s  s l i g h t l y  
l e s s  than the  two hours repo r ted  by S ta in s  (1961) in  raccoon dens and
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Temporal va r ia t ion  of hourly in te rnal  temperature, Ben Hur, East Baton Rouge 
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Figure 8, Temporal v a r ia t ion  of temperature in natural  c a v i t i e s ,  Ben Hur, East Baton 
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Figure 9. Temporal va r ia t ion  of temperature in nest  boxes, Ben Hur, East Baton Rouge 
Parish ,  Louisiana, June 1977 to December 1978 (N = 3450).
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by MacArthur and Aleksiuk (1979) in muskrat lodges in  Canada.
Maximum hourly tempera ture  occurred two hours l a t e r  in s id e  na tu ra l  
c a v i t i e s  than o u ts id e  na tu ra l  c a v i t i e s .  This i s  l e s s  than the  3 .8  
hours rep o r ted  by S ta in s  (1961) but g r e a t e r  than the 0 .5  hours 
rep o r te d  by MacArthur and Aleksiuk (1979). The temperature  lag  in 
n a tu ra l  c a v i t i e s  was g r e a t e r  during r i s i n g  tempera tures  than during 
f a l l i n g  tem pera tu res .  S ta in s  (1961) made a s i m i l a r  obse rva t ion .
Temperature lag s  in n e s t  boxes were considerab ly  l e s s  than those  
in  n a tu ra l  c a v i t i e s  (Figure 9) .  Havera (1979) repo r ted  temperatures  
lower than ambient in unoccupied n e s t  boxes when ambient temperatures 
were g r e a t e r  than -0 .8°C, but  he did  not  r e p o r t  the  amount of 
exposure to  d i r e c t  s o l a r  r a d i a t i o n .
Monthly i n te r n a l  temperature  d i f f e r e d  ( p < 0 . 0 1 )  between boxes 
(22.1°C) and n a tu ra l  c a v i t i e s  (1 8 .9°C) (Table 4 ) .  Mean monthly 
tempera tures  in s id e  boxes remained 1.3 to  4.5°C higher than na tu ra l  
c a v i ty  tem pera tu res .
Monthly maximum temperature  d i f f e r e d  (p < 0 . 0 1 )  between boxes 
(28.7°C; SE=0.08) and na tu ra l  c a v i t i e s  (23.0°C; SE=0.08) (Figure  10). 
The same was t r u e  f o r  monthly minimum temperature  (Figure  11).
Natural c a v i t i e s  had a narrower range of  temperatures  than boxes 
throughout  the  y e a r .  Zeleny (1968) found t h a t  a s imulated woodpecker 
c a v i ty  had lower maximum in te r n a l  temperatures  when exposed to  f u l l  
s u n l ig h t  than did  a n e s t  box with 1 .9  cm t h ic k  w a l l s .
In te rn a l  R e la t ive  Humidity Hourly i n t e r n a l  r e l a t i v e  humidity was not 
d i f f e r e n t  (p >  0.05) between boxes and na tu ra l  c a v i t i e s  (73.2 percen t)  
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Figure 10. Temporal va r ia t ion  of monthly maximum in te rnal  temperature, Ben Hur, East 
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Figure 11. Temporal va r ia t ion  of monthly minimum in ternal  temperature, Ben Hur,
East Baton Rouge Parish ,  Louisiana, June 1977 to December 1978 (N = 900).
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p e rcen t  h igher  than ambient while r e l a t i v e  humidity in s id e  n a tu ra l  
c a v i t i e s  remained from 2 .0  to  25 percen t  h igher  than ambient
(p <  0 .0 1 ) .
Monthly i n te r n a l  r e l a t i v e  humidity d i f f e r e d  ( p <  0.01) between 
boxes (57.2 pe rcen t)  and na tu ra l  c a v i t i e s  (56.8 p e rcen t )  (Table 4 ) .  
The d i f f e r e n c e  found between boxes and n a tu ra l  c a v i t i e s  with monthly 
data  which was not  found with hourly data  can p a r t i a l l y  be explained 
by the  exc lus ion  o f  high n ig h t - t im e  r e l a t i v e  hum idi t ies  from the  
monthly da ta  s e t .  Mean r e l a t i v e  humidity in boxes remained s l i g h t l y  
lower than t h a t  in na tu ra l  c a v i t i e s  only during the  d a y l ig h t  hours.  
Monthly r e l a t i v e  humidity remained c o n s i s t e n t l y  lower in boxes than 
in  n a tu ra l  c a v i t i e s .  No comparable s tu d ie s  of  r e l a t i v e  humidity 
in s id e  n e s t  boxes or  na tu ra l  c a v i t i e s  were found in the  l i t e r a t u r e .
In te rn a l  Incoming Solar  Radiation So la r  r a d i a t i o n  e n te r in g  boxes and 
na tu ra l  c a v i t i e s  was almost t o t a l l y  d i f f u s e .  A mediating e f f e c t  by 
c a v i t i e s  could thus be expected s ince  sunf leck  occurrence should have 
been e l im in a te d .  Sunfleck occurrence i s  a source of  high v a r i a t i o n  
in s o l a r  r a d i a t i o n  measurements (Anderson 1964:449, Muller 1971,
Gay and Knoerr 1975:40).
Hourly incoming s o l a r  r a d i a t i o n  was h igher  (p c O . O l )  in  boxes 
(9.16 watts /m^) than in n a tu ra l  c a v i t i e s  (4.44 watts /m^) (Table 4 ) .  
Mean hourly incoming s o l a r  r a d i a t i o n  in  boxes peaked a* 1300 hours;  
th e  same time t h a t  ambient incoming s o l a r  r a d i a t io n  peaked (Figure  
12). Mean hourly incoming s o l a r  r a d i a t i o n  in n a tu ra l  c a v i t i e s  peaked 
a t  1400 hours;  one hour l a t e r  than peak ambient incoming s o l a r  
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Figure 12. Temporal va r ia t io n  of hourly in te rnal  incoming so la r  rad ia t io n ,  Ben Hur, 
East Baton Rouge Parish ,  Louisiana, June 1977 to December 1978 (N = 1850; 
SE = 0.40).
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r a d i a t i o n  occurred in Ju ly  1977 and Apri l  1978 in boxes and in 
April 1978 in na tu ra l  c a v i t i e s  ( s i m i l a r  to  ambient t r e n d s ) .  An 
average o f  19.7 pe rcen t  o f  the  ambient incoming s o l a r  r a d i a t i o n  
s t r i k i n g  boxes and n a tu ra l  c a v i t i e s  en te red  boxes to  a depth of  
15 cm, while  an average of  16.7 p e rcen t  en te red  na tu ra l  c a v i t i e s  to  
t h a t  depth.
Monthly incoming s o l a r  r a d i a t i o n  was higher  (p < 0 . 0 1 )  in boxes 
(9.28 watts /m2 ) than in na tu ra l  c a v i t i e s  (6.64 watts /m2 ) (Table 4 ) .
The mediating e f f e c t  of  c a v i t i e s  upon s o l a r  r a d i a t i o n  i s  apparent .  
Monthly ambient incoming s o l a r  r a d i a t i o n  a t  n a tu ra l  c a v i t i e s  was 
h igher  than a t  boxes, probably due to  frequency o f  su n f leck s .
Monthly i n t e r n a l  incoming s o l a r  r a d i a t i o n  in n a tu ra l  c a v i t i e s  was 
lower than in boxes, p a r t i a l l y  because sunf lecks  were e l im ina ted .
An average o f  13.7 p e rcen t  of  th e  s o l a r  r a d i a t i o n  s t r i k i n g  boxes 
and na tu ra l  c a v i t i e s  en te red  boxes to  a depth o f  15 cm, while  4 .8  
percen t  en te red  na tu ra l  c a v i t i e s  t o  t h a t  depth.
In te rna l  Ref lec ted  Solar  Radia tion  So la r  r a d i a t i o n  r e f l e c t e d  from the  
in s id e  of  boxes and na tu ra l  c a v i t i e s  i s  a func t ion  o f  the  level  of  
incoming s o l a r  r a d i a t i o n  and th e  c o lo r  and t e x tu r e  o f  the  i n te r n a l  
s u r f a c e s .  Incoming s o l a r  r a d i a t i o n  e n te r in g  c a v i t i e s  was higher 
(p < 0 . 9 ! )  in boxes than in na tu ra l  ca- i t i e s ,  the  i n te r n a l  su r fa ce  
o f  most n a tu ra l  c a v i t i e s  appeared darker  in  c o lo r  than th e  in te rn a l  
su r face  of  most boxes, and small cracks r e s u l t i n g  from co n s t ru c t io n  
o f  boxes were lacking  in n a tu ra l  c a v i t i e s ,  so i n t e r n a l  r e f l e c t e d  
s o l a r  r a d i a t i o n  should have been lower in na tu ra l  c a v i t i e s  than in 
n e s t  boxes.
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Hourly r e f l e c t e d  s o l a r  r a d i a t i o n  was higher (p <  0.01) in boxes 
(0.90 watts /m2 ) than in na tu ra l  c a v i t i e s  (0.30 watts /m2) (Table 4 ) .  
Temporal v a r i a t i o n  of  hourly in te rn a l  r e f l e c t e d  s o l a r  r a d i a t i o n  was 
s i m i l a r  to  t h a t  of  hourly i n t e r n a l  incoming s o l a r  r a d i a t i o n  (Figure- 
12). An average o f  9.8 pe rcen t  o f  the  s o l a r  r a d i a t i o n  s t r i k i n g  the 
in s id e  of  boxes was r e f l e c t e d  while  6 .8  pe rcen t  was r e f l e c t e d  from 
in s id e  n a tu ra l  c a v i t i e s .  A s i m i l a r  r e l a t i o n s h i p  was apparen t  a t  the  
box in the  u n c u t -p lo t .  Mean hourly r e f l e c t e d  s o l a r  r a d i a t i o n  remained 
c o n s i s t e n t l y  lower in n a tu ra l  c a v i t i e s  than in nes t  boxes.
Mean monthly r e f l e c t e d  s o l a r  r a d i a t i o n  was higher (p < 0 . 0 1 )  in
2 2 boxes (1.02 watts /m ) than in  n a tu ra l  c a v i t i e s  (0.26 watts /m ) (Table
4 ) .
In te rn a l  Incoming Light In te rn a l  incoming l i g h t  should be a funct ion  
o f  the  amount o f  ambient incoming l i g h t ,  t im e,  the  s i z e  and o r i e n t a ­
t i o n  of  th e  c a v i ty  en trance  and the  angle  of incidence  of  the  incoming 
l i g h t  (Anderson 1964:450). In te rn a l  l i g h t  l e v e l s  should be l e s s  
v a r i a b le  than ambient s ince  sunf leck  occurrence should be reduced.
Hourly incoming l i g h t  was h igher  ( p < 0 . 0 1 )  in  boxes (385 lux) 
than in n a tu ra l  c a v i t i e s  (176 lux)  ( p < 0 . 0 1 )  (Table 4 ) .  An average 
of  15.4 percen t  of the  ambient incoming l i g h t  en te red  boxes to  a 
depth of 15 cm, and an average of  15.9 percen t  en te red  n a tu ra l  
c a v i t i e s  t o  t h a t  depth. Mean hourly incoming l i g h t  in boxes remained 
c o n s i s t e n t l y  h igher  than t h a t  in n a tu ra l  c a v i t i e s  (Figure  13).
Monthly means of  hourly incoming l i g h t  remained c o n s i s t e n t l y  h igher 
in  boxes than in na tu ra l  c a v i t i e s  (Figure 14).
Monthly incoming l i g h t  was higher  (p < 0 . 0 1 )  in boxes (309 lux)




Figure 13. Temporal va r ia t io n  of hourly in te rna l  incoming l i g h t ,  Ben Hur, East Baton 
Rouge Parish ,  Louisiana, June 1977 to  December 1978 (N = 1850; SE = 6.70).
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Figure 14. Monthly var ia t ion  of hourly in te rnal  incoming l i g h t ,  Ben Hur, East Baton 
Rouge Parish ,  Louisiana, June 1977 to  December 1978 {N = 1850; SE = 11.0).
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than in na tu ra l  c a v i t i e s  (284 lux) (Table 4 ) .  An average of  13.7 
pe rcen t  o f  the  ambient incoming l i g h t  en te red  boxes to  a depth of 
15 cm, but only 4 .8  pe rcen t  en te red  na tu ra l  c a v i t i e s  to  t h a t  depth. 
Average monthly incoming l i g h t  was h igher  in  na tu ra l  c a v i t i e s  than in 
n e s t  boxes from November 1977 to  March 1978, and from September to  
December 1978, i . e .  a f t e r  l e a f - f a l l .  Monthly i n te r n a l  incoming l i g h t  
was l e s s  v a r i a b le  than monthly ambient incoming l i g h t .
In t e r n a l '  Ref lec ted  Light  Ref lec ted  in te r n a l  l i g h t  i s  a func t ion  of 
t im e,  the  amount of  i n t e r n a l  incoming l i g h t ,  and the  incidence  o f  the  
incoming l i g h t  (Anderson 1964:450). Construction of  the  c a v i ty  may 
have a l s o  a f f e c te d  r e f l e c t i o n  read ings .
Hourly r e f l e c t e d  l i g h t  was h igher  ( p < 0 . 0 1 )  in  boxes (12.1 lux) 
than in n a tu ra l  c a v i t i e s  (5 .4  lux)  (Table 4 ) .  In te rn a l  su r faces  of 
boxes r e f l e c t e d  3.2  pe rcen t  of  the  incoming l i g h t ;  3.1 pe rcen t  was 
r e f l e c t e d  from na tu ra l  c a v i t i e s .  Temporal v a r i a t i o n  of hourly 
i n te r n a l  r e f l e c t e d  l i g h t  was s i m i l a r  to  t h a t  f o r  i n te r n a l  incoming 
l i g h t .  Mean hourly r e f l e c t e d  l i g h t  remained c o n s i s t e n t l y  h igher  in 
boxes than in n a tu ra l  c a v i t i e s .
Monthly r e f l e c t e d  l i g h t  was h igher  ( p < 0 . 0 1 )  in boxes (11.6 
lux) than in n a tu ra l  c a v i t i e s  (4 .0  lux) (Table 4 ) .  In te rn a l  su r faces  
of  boxes r e f l e c t e d  3 .8  pe rcen t  of  th e  incoming l i g h t ,  while  1.4 
percen t  of  the  incoming l i g h t  was r e f l e c t e d  from in s id e  n a tu ra l  
c a v i t i e s .
Daily Microcl imate Trends Daily t r en ds  of  ambient microcl imate  in 
f o r e s t  s tands  have been discussed  by Geiger (1965:298-367) and
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Francis  (1976). Anderson (1964), Lull and Reigner (1967), Muller 
(1971), Reifsnyder e t  a l . (1971), Gay and Knoerr (1975:40), Krantz 
and Gauthreaux (1975) d iscussed  d a i ly  t ren d s  in s o l a r  r a d i a t i o n  or 
l i g h t  in f o r e s t  s t a n d s ,  but these  s tu d ie s  r e l i e d  on measurements 
taken on h o r izon ta l  s u r f a c e s .  Fowells (1948) d iscussed  v e r t i c a l  
v a r i a t i o n  of  temperature  in a f o r e s t  s tand .
All p r i o r  i n v e s t i g a t i o n s  of  i n te r n a l  microcl imates  of nes t  
boxes or  n a tu ra l  c a v i t i e s  were l im i te d  s o l e ly  to  temperature  
(Kendeigh 1961, S ta in s  1961, Gysel and Berner 1967, Zeleny 1968, 
Caccamise and Weathers 1977, Norman and Riggert  1977, Havera 1979).
Daily microcl imate  in s id e  boxes and na tu ra l  c a v i t i e s  i s  a 
fu n c t io n  of  c h a r a c t e r i s t i c s  o f  the  c a v i ty  and c f  the  mesoclimate 
surrounding the  c a v i ty .  J u s t  as the  canopy of  th e  f o r e s t  s tand  had 
a mediat ing e f f e c t  on th e  c l im ate  w ith in  th e  s t a n d ,  a na tu ra l  c av i ty  
o r  n e s t  box has a mediating e f f e c t  on the  microcl imate  w ith in  i t .
L ight  w i th in  the  c a v i t i e s  appeared to  be dependent upon the  
ambient l i g h t  s t r i k i n g  th e  en t rance .  Boxes allowed some l i g h t  to  
e n t e r  around the  top as well as through th e  en t rance .
The temperature  in s id e  boxes and n a tu ra l  c a v i t i e s  was c o n t r o l l e d  
by th e  amount of  s o l a r  r a d i a t io n  absorbed by the  o u t s id e  su r fa ce ,  
hea t ing  t h a t  su r face  and conducting t h a t  heat  to  the  in s id e  of the  
c a v i ty .  Robinson (1966:27) s t a t e d  t h a t  the  th re e  f a c t o r s  a f f e c t i n g  
the  amount o f  s o l a r  r a d i a t i o n  s t r i k i n g  a su r face  a re  the  amount of 
s c a t t e r i n g ,  the  amount of  absorp t ion  and th e  amount of incoming s o l a r  
r a d i a t i o n .  Another source of  hea t  a v a i l a b l e  fo r  n a tu ra l  c a v i t i e s  
and n e s t  boxes was the  t r a n s f e r  of warm a i r  with cool a i r  across  the
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temperature  g ra d ie n t  a t  the  en t rance .  Diffuse  and s c a t t e r e d  
i n s o l a t i o n  e n te r in g  the  c av i ty  and absorbed by the  in s id e  of  the  
c a v i ty  a lso  caused some r e l e a s e  of longwave r a d i a t i o n ,  hea t ing  the  
c a v i ty  (Muller 1971). In te rn a l  tempera ture  lagged ambient 
temperature  because i n te r n a l  incoming s o l a r  r a d i a t i o n  was only 7 to  
19 percen t  of  ambient incoming s o l a r  r a d i a t i o n .  Heat must be conducted 
across  th e  th ickn ess  o f  th e  c a v i ty  wall before  i n te r n a l  temperatures  
a re  a f f e c t e d  and ambient tempera ture  must be ra i s e d  above (or  lowered 
below) in te r n a l  tempera ture  before  t h e r e  i s  any hea t  exchange across  
the  face  of  th e  en t rance .  D if fe rences  between c a v i t i e s  w i th in  areas  
i n d ic a t e  t h a t  the  s i z e  o f  t h i s  lag may vary with each c a v i ty .  The 
average lag was up to  2 .0  hours in na tu ra l  c a v i t i e s  and 1.0 hour or 
l e s s  in boxes with r i s i n g  tem p era tu re s ,  and was up to  1.0 hour or  l e s s  
in  both n a tu ra l  c a v i t i e s  and n e s t  boxes with f a l l i n g  tem pera tu res .
As tempera tures  rose  i n s id e  c a v i t i e s ,  r e l a t i v e  humidity d ec l ined .  
R e la t ive  humidity was lower in n e s t  boxes than in n a tu ra l  c a v i t i e s .
This may have been due to  the  higher  temperatures  a t t a i n e d  in  n e s t  
boxes than in na tu ra l  c a v i t i e s  (p < 0 . 0 1 ) ,  or  because n a tu ra l  
c a v i t i e s  in l iv in g  t r e e s  c o n t in u a l ly  had water in the  c a v i ty  walls  
due to  t r a n s lo c a t i o n  of  water  from t r e e  roo ts  to  the  leaves .
Several f a c t o r s  may have accounted f o r  h igher  midday tempera­
tu r e s  in boxes than in n a tu ra l  c a v i t i e s .  F i r s t ,  more s o l a r  r a d i a t i o n  
s t ruck  boxes than n a tu ra l  c a v i t i e s ,  due to  the  t h in n e r  canopy on the  
c u t - p l o t .  Also, the  w a l ls  of  most n a tu ra l  c a v i t i e s  were t h i c k e r  than 
the  w a l ls  of most boxes, thereby  slowing th e  conduction o f  hea t  to  
the  in s id e  o f  the  c a v i ty .  T h ird ,  the  wal ls  of  na tu ra l  c a v i t i e s  
contained more mois ture  than the  wal ls  of  n e s t  boxes. Since the
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la tem ;  heat  of water  i s  h igher  than most o th e r  subs tances ,  more heat  
would have been needed to  r a i s e  the  tempera ture  of a given volume of  
na tu ra l  c av i ty  wall than would have been needed to  r a i s e  the  tempera­
tu r e  o f  an equal volume of  n e s t  box w al l .
Fourth ,  the  shape of  the  box or  na tu ra l  c a v i ty  may have a f f e c te d  
i n t e r n a l  tem pera tures .  So la r  r a d i a t i o n  s t r i k i n g  th e  f l a t  su r face  of  
a n e s t  box would have r e s u l t e d  in uniform rap id  hea t ing  of  the  s u r f a c e ,  
in c re a s in g  the  r a t e  o f  heat  conduction to  the  i n s id e .  The na tu ra l  
c a v i t y - t r e e ,  being round or  o va l ,  was p ro g re s s iv e ly  heated through 
the  day about  180° or  l e s s  o f  i t s  ou ts ide  su r fa c e  (Geiger 1965:481).
The su r fa ce  area  to  volume r a t i o  was a l so  sm al le r  f o r  t h a t  po r t ion  of 
the  c a v i ty  t r e e  con ta in ing  the  c a v i ty  than fo r  n e s t  boxes. I n so la t io n  
would not  have been concen tra ted  a t  any given p o in t  f o r  any long 
per iod  of  time on the  r e l a t i v e l y  small su r face  a rea  of the  na tu ra l  
c a v i t y - t r e e .
F i f t h ,  the  average he igh t  of  na tu ra l  c a v i t i e s  was lower than t h a t  
o f  boxes. Fowells (1948) and Geiger (1965:306) repor ted  an inc rease  
in tempera ture  with in c reas in g  he igh t  in a f o r e s t  s tand .
F in a l ly ,  th e  o r i e n t a t i o n  of  the  en trances  of  boxes or  na tu ra l  
c a v i t i e s  in to  th e  p re v a i l in g  winds could have caused rap id  mixing 
with ambient a i r ,  lead ing  to  rap id  changes in  i n t e r n a l  tem pera tures .
As darkness approached, heat  lo ss  from the  s tand  in c reased .  Heat 
was a l s o  l o s t  to  the  f o r e s t  s tand from na tu ra l  c a v i t i e s  and n e s t  boxes 
a t  n ig h t .  Boxes l o s t  more heat  to  th e  ambient environment than did 
na tu ra l  c a v i t i e s .  Radia t ive  heat  lo ss  was enhanced from n e s t  boxes 
due to  the  l a r g e r  su r fa c e  a rea  to  volume r a t i o  of boxes than of
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na tu ra l  c a v i t i e s .  Heat was a l so  l o s t  from boxes and n a tu ra l  c a v i t i e s  
by way of  a i r  exchange across  the  en t ran ce .  Wind would have increased 
the  r a t e  of  heat  lo s s  from c a v i t i e s  by mixing warmer i n t e r n a l  a i r  with 
coo le r  ambient a i r .
I t  i s  apparen t  t h a t  t ime of  day in f luenced  g r e a t ly  the  ambient 
mesoclimate of  the f o r e s t  s tand  and the  i n te r n a l  microcl imates  of  the  
c a v i t i e s .  Indeed, d i f f e r e n c e s  among times were found f o r  a l l  dependent 
v a r i a b le s  measured under both data  c o l l e c t io n  methods (p < 0 . 0 1 ) .
Annual Microclimate Trends Annual t r en d s  in ambient and in te r n a l  s o l a r  
r a d i a t i o n  appeared to  be in f luenced  by wind, cloud cover ,  canopy cover ,  
s o l a r  a l t i t u d e  and the  mosaic o f  leaves  and branches in the  canopy 
which allowed sunf leeks  to  s t r i k e  boxes and na tu ra l  c a v i t i e s  (Geiger 
1965:300-308, Muller  1971) (Figure 15).  Incoming s o l a r  r a d i a t i o n  
appeared to  be a f f e c t e d  p r im a r i ly  by l e a f  cover from April to  November 
and p r im a r i ly  by cloud cover from November t o  A p r i l .
Annual microcl imate  t r en d s  in s id e  boxes and na tu ra l  c a v i t i e s  were 
a . fu n c t io n  of  the  ambient mesoclimate and c a v i ty  c h a r a c t e r i s t i c s .  The 
mediating a f f e c t  o f  c a v i t i e s  upon th e  microcl imate  w i th in  them i s  
perhaps be s t  exemplif ied  by l e v e l s  of  monthly incoming s o l a r  r a d i a t i o n .  
Monthly ambient s o l a r  r a d i a t i o n  on the  c o n t r o l - p l o t  was g r e a t ly  
in f luenced  by sunf leeks  lead ing  to  h igher  l e v e l s  than were recorded on 
the  l a r g e - b o x - p lo t ,  but monthly i n te r n a l  incoming s o l a r  r a d i a t i o n  in 
n a tu ra l  c a v i t i e s  was u su a l ly  lower than in boxes. In te rn a l  incoming 
s o l a r  r a d i a t i o n  t ren ds  were s i m i l a r  t o  those  f o r  ambient incoming 
s o l a r  r a d i a t i o n .  A l a r g e r  p ropor t ion  o f  s c a t t e r e d  s o l a r  r a d i a t i o n  
(15.9 percen t)  en te red  n a tu ra l  c a v i t i e s  than did d i r e c t  s o l a r
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Figure  15. Box 89 ,  r i g h t ,  and a c t i v i t y  r e c o r d e r ,  l e f t ,  Ben Hur, 
E as t  Baton Rouge P a r i s h ,  L o u i s i a n a ,  17 March 1979 
(above) and 15 A pr i l  1979 (below).  Mean incoming 
s o l a r  r a d i a t i o n  d e c rea se d  s h a r p l y  from March to  
Apri l  because o f  canopy f o l i a g e  development .
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r a d ia t io n  (4 .8  p e rc e n t ) .  The angle  of  incidence  may have been an 
important  f a c t o r  (Anderson 1964:450). Light was s i m i l a r l y  a f f e c t e d .  
P r im ar i ly  s c a t t e r e d  s o l a r  r a d i a t i o n  measurements were taken a t  Ben 
Hur l a r g e - b o x - p l o t , consequently  the  amount o f  s o l a r  r a d i a t i o n  or 
l i g h t  e n te r in g  boxes was s i m i l a r  r eg a rd le s s  o f  da ta  source (hourly  
or  monthly).
Monthly temperature  t ren d s  in s id e  boxes and na tu ra l  c a v i t i e s  
seemed to  be a func t ion  o f  ambient temperature  and the  c h a r a c t e r i s t i c s  
of  the  c a v i ty .  Mean monthly tempera tures  in s ide  boxes remained 
c o n s i s t e n t l y  above na tu ra l  c a v i ty  tem pera tu res .  Mean monthly box 
tempera tures  followed c lo s e ly  mean monthly ambient tem pera tu res ;  mean 
monthly na tu ra l  c a v i ty  tempera tures  remained below mean monthly 
ambient tem pera tu res .  Apparently the  su p e r io r  i n s u l a t i n g  p r o p e r i t i e s  
of  na tu ra l  c a v i t i e s  prevented the  cool a i r  received  a t  n igh t  from 
escaping during the  day. The range between maximum monthly temper­
a tu re  and minimum monthly tem pera ture  was narrower in  na tu ra l  c a v i t i e s  
than in next  boxes.
Mean monthly r e l a t i v e  humidity in boxes and na tu ra l  c a v i t i e s  
remained above ambient f o r  the  12 months during which data  were 
c o l l e c t e d .  Although ambient r e l a t i v e  humidity on Ben Hur con tro l  - 
p l o t  was lower than t h a t  on Ben Hu*' l a r g e - b o x - p l o t ,  r e l a t i v e  humidity 
in na tu ra l  c a v i t i e s  was h igher  than in boxes. The mois ture  con ten t  
of  th e  w a l ls  of  na tu ra l  c a v i t i e s  was higher than t h a t  in  the  wal ls  of  
n e s t  boxes, thereby  a c t in g  as a r e s e r v o i r  supplying mois ture  t o  the  
i n te r n a l  a i r  as ambient r e l a t i v e  humidity decreased .  Ambient r e l a t i v e  
humidity probably c o n t ro l le d  i n t e r n a l  r e l a t i v e  humidity u l t i m a t e l y ,
s ince  the  curves of  monthly i n t e r n a l  and monthly ambient r e l a t i v e  
humidity were very s i m i l a r .
Im pl ica t ions  f o r  Nest Box and Natural  Cavity Use b.y W ild l i f e
Temperature i s  probably the  most important  c l im a t ic  f a c t o r  fo r  
most l i f e  forms (National Academy of  Sciences 1971:215). All organisms 
have a p r e f e r r e d  temperature  (Precht  e t  a l . 1973:614). Within the  
zone o f  thermal n e u t r a l i t y ,  o ther  f a c t o r s  become more important  than 
tempera ture  (National Academy of  Sciences 1971:215), Hall and Root 
(1930) demonstrated the  e f f e c t  of  humidity on the  body temperatures  
o f  c e r t a i n  ec to therms.  P rech t  e t  a l .  (1971:614) suggested t h a t  the re  
i s  a thermohydro-preferendum, e s p e c i a l l y  in so f t - sk in n e d  ectotherms.  
Body tem pera tures  become more s t a b l e  in ectotherms as r e l a t i v e  
humidity in c re a s e s  (Hall and Root 1930); however, heat  i s  more e a s i l y  
l o s t  from an organism a t  low tempera tures  and high r e l a t i v e  hum id i t ies  
(National Academy of Sciences 1971:216).
Klein (1975) s t a t e d  t h a t  the  amount o f  l i g h t  e n te r in g  a n e s t  box 
a f f e c t s  use by wood ducks,  though he provided no da ta  to  suppor t  t h i s  
cla im. The e f f e c t  of  l i g h t  and tem pera ture  as "ze i tg e b e r s "  (ex ternal  
t iming mechanisms) has been suggested by severa l  au thors  (Smith 1966: 
103, Krantz and Gauthreaux 1975).
Bra t ts t rom  (1963, 1965) in d ic a te d  t h a t  the  p re fe r r e d  temperature  
f o r  c e r t a i n  temperate  t e r r e s t r i a l  r e p t i l e s  and amphibians u sua l ly  
f e l l  w i th in  the  range o f  25° to  30°C. The National  Academy o f  Sciences 
(1971:216) suggested a zone of  thermal n e u t r a l i t y  f o r  most l i f e  forms 
between 10 and 20°C. The egg tem pera tures  of  c e r t a i n  c a v i ty - n e s t i n g  
b i rd s  range between 34.1 and 34.3°C (Huggins 1941). Kendeigh (1969)
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found t h a t  22°C and 17 pe rcen t  r e l a t i v e  humidity were the  cond i t ions  
most favorab le  f o r  house sparrow a c t i v i t y .  Any microenvironment which 
would approach th ese  cond i t ions  would be the  one most l i k e l y  to  be 
used by most of  the  in d iv id u a ls  of  a given sp e c ie s .  Natural c a v i t i e s  
should be p re fe r r e d  by those  in d iv id u a ls  seeking a tempera ture  about 
5.5°C coo le r  than ambient during the  day and/or  about 2.3°C warmer 
than ambient during the  n ig h t .  In d iv id u a ls  seeking tempera tures  
about 1.0°C warmer than ambient during the  day and /o r  about  1.3°C 
warmer than ambient during the  n ig h t  should p r e f e r  n e s t  boxes. 
Measurements taken a t  the box in  th e  u n c u t - p lo t  in d ic a te d  t h a t  th e re  
was l i t t l e  d i f f e r e n c e  between in te r n a l  and ambient tempera tures  and 
r e l a t i v e  hum id i t ie s .  However, these  f a c t o r s  must be kept in mind:
(1) Kendeigh (1961), Havera (1979) and MacArthur and Aleksiuk 
(1979) demonstrated t h a t  an endothermic organism (b i rd  or  mammal) 
w ith in  a c a v i ty  o r  enclosed n e s t  w i l l  r a i s e  th e  tempera ture  w i th in  t h a t  
c a v i ty  through the  r e l e a s e  o f  metabolic  h ea t .  The same i n s u l a t i n g  
f a c t o r s  which r e s u l t e d  in lags  of  tempera ture  in boxes and n a tu ra l  
c a v i t i e s  w i l l  a l s o  help conserve metabol ic  hea t .  In t h i s  r e s p e c t ,  i t  
appears t h a t  most n a tu ra l  c a v i t i e s  a re  s u p e r io r  to  most n e s t  boxes.
(2) Many b i rd s  and mammals bu i ld  n e s t s  in s id e  the  c a v i ty .  Dead 
a i r  t rapped between the  f i b e r s  and leaves  of  a n e s t  add to  the  i n s u l a ­
t in g  p r o p e r t i e s  o f  the  box or  na tu ra l  c a v i ty .  Indeed, Weigle and 
Osgood (1974) repo r te d  tempera tures  i n s id e  l e a f  n e s t s  a lone ,  when 
occupied by a no r thern  f l y in g  s q u i r r e l ,  up t o  21°C higher  than ambient 
tempera tures  o f  4 t o  15°C. Havera (1979) found t h a t  the  presence of 
an a d u l t  fox s q u i r r e l  in a l e a f - l i n e d  n e s t  box r a i s e d  th e  tempera ture  
w i th in  the  n e s t  28°C above the  ambient tempera ture  of  -20°C.
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(3) Some spec ies  of  mammals may huddle thereby  r a i s i n g  the  
temperature  with in  the  box or n a tu ra l  c av i ty  (Rose 1967:443).
(4) Any s t r u c t u r e  which decreases  wind speed w i l l  be more 
the rm al ly  s t a b le  (Shilov 1973:218, Francis  1976). Boxes o r  na tu ra l  
c a v i t i e s  placed in  openings and/or  with en trances  f ac ing  the  p re v a i l in g  
winds would be l e s s  d e s i r a b l e  from t h i s  s tan d p o in t .
(5) The lower l i m i t  to  tempera ture  t o le r a n c e  may change from 
season to  season,  as Kendeigh (1969) repor ted  f o r  house sparrows.
Cavity dependent w i l d l i f e ,  e s p e c i a l l y  those  spec ies  which bui ld  
n e s t s  or  huddle,  should p r e f e r  n a tu ”al c a v i t i e s  because na tu ra l  
c a v i t i e s  appear  to  have b e t t e r  i n s u l a t i n g  p r o p e r t i e s  than n e s t  boxes.
High r e l a t i v e  hum idi t ies  in na tu ra l  c a v i t i e s  may cause occupants 
t o  lose  more heat  than they would lo se  in n e s t  boxes a t  tempera tures  
below about 15°C (Hall and Root 1930). To my knowledge, th e  e f f e c t  
o f  the  presence of  an organism upon the  r e l a t i v e  humidity w ith in  a nes t  
box or  na tu ra l  c a v i ty  has not been i n v e s t i g a t e d .  R e la t ive  humidity 
in s id e  two ad jacen t  n e s t  boxes a t  Donohoe l a rg e -b o x -p lo t  was measured 
10 May 1977. One box was empty, the  o th e r  contained an a d u l t  g ray-  
phase screech  owl with th r e e  eggs. R e la t ive  humidity in th e  vacant box 
was 45 p e rc e n t ,  while t h a t  in the  occupied box was 60 pe rcen t .  Ambient 
r e l a t i v e  humidity was 42 to  45 p e rc en t .  The in te r n a l  r e l a t i v e  humidity 
o f  th e  box was l i k e l y  e leva ted  by the  r e s p i r a t o r y  r e l e a s e  of  water 
vapor from the  screech  owl. The water  vapor re leased  through r e s p i r a ­
t io n  would be a t ,  or  near  body tem pera ture .  This warm m ois tu re ,  plus 
the  metabolic  heat  l o s t  through the  integument would f u r t h e r  s t a b i l i z e  
the  surrounding microcl imate .  The r e l e a s e  of  warm water  vapor by 
r e s p i r a t i o n  may be more important  t o  such so f t - sk in n e d  ectotherms as
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nes t l in g  b i rd s ,  than to endotherms. Increased r e l a t i v e  humidity would 
help s t a b i l i z e  the  microclimate and c rea te  less  s t r e s s  on an organism 
(Hall and Root 1930).
Many organisms use absorption of d i r e c t  so la r  rad ia t ion  to  r a i s e  
t h e i r  body temperature (Precht e t  a l . 1973:458). Those c av i t i e s  
which are  prone to  high sunfleck occurrence may be preferred  by such 
organisms.
The e f f e c t  of extreme temperature upon several species of  cav i ty -  
nest ing birds has been discussed by Kendeigh and Baldwin (1928), 
Musselman (1934), Zeleny (1968) and Kendeigh (1969). The a b i l i t y  to  
withstand extreme temperatures may vary with age within a s ingle  
individual  (Vernberg 1963). Since the  range of extreme da i ly  temper­
a ture  was narrower in natura l  c a v i t i e s  than in nes t  boxes, natural  
c a v i t i e s  should be p refe r red .
In l i g h t  of the above d iscuss ion ,  i t  appears th a t  most species 
using c a v i t i e s  a t  night should p re fe r  natural  c a v i t i e s  since the 
minimum in te rna l  temperature was usua l ly  higher than in nes t  boxes.
The high r e l a t i v e  humidit ies inside  natura l  c a v i t i e s  may discourage 
use during cold weather. Most species using c a v i t i e s  during the  day 
and during cold weather should p re fe r  nest  boxes, since maximum 
temperature in boxes is  higher than in natural  c a v i t i e s .  Additional 
warmth in a box may con tr ibu te  to incubation in some bird species 
(Kendeigh 1963). Natural c a v i t i e s  should be preferred  during hot 
weather because the mean maximum temperature in natural  c a v i t i e s  i s  
lower than in boxes. The increased in su la t ing  p roper t ies  of  a nest  
may decrease the  advantages of one cavity  form over another. Indeed 
the pas t  or present  use of a cav i ty  by a nes t -bu i ld ing  species may
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encourage or  discourage use of  t h a t  c av i ty  by o th e r  spec ie s .
Certa in  p reda tory  sp ec ie s  may s e l e c t  a c a v i ty  form depending 
upon the s u i t a b i l i t y  of  th e  c a v i ty  f o r  i t s  prey.  For i n s t a n c e ,  
Rundquist and C ol l ins  (1974) rep o r ted  t h a t  sou theas te rn  f i v e -  
l in e d  skinks included wood roaches (P a rco b la t t a  spp .)  in  t h e i r  
d i e t .  Southeastern  f i v e - l i n e d  skinks and/or  f i v e - l i n e d  skinks 
were f r e q u e n t ly  found in boxes in t h i s  study poss ib ly  because the  
microenvironment of  boxes was p re fe r r e d  by t h e i r  prey.
Cavity C h a r a c t e r i s t i c s  
Tree Species D ifferences  in t r e e  sp ec ies  were found among areas  
(p < 0 . 0 1 ) .  Since boxes were arranged in a g r id  p a t t e r n ,  the  proba­
b i l i t y  t h a t  a t r e e  would be s e le c te d  fo r  a box would be s i m i l a r  to  
the  p r o b a b i l i t y  t h a t  i t  would be included in an o v e rs to ry  c r u i s e  
( a l so  a g r id  p a t t e r n ) .  Indeed, in  most i n s t a n c e s ,  box-bearing t r e e  
spec ies  had r e l a t i v e  d e n s i ty  values  s i m i l a r  t o  th e  r e l a t i v e  d e n s i ty  
va lues  f o r  a l l  ove rs to ry  t r e e s .  Mid-story sp ec ie s  such as bluebeech 
and boxelder  were not  chosen f o r  boxes in p ropor t ion  to  t h e i r  
a v a i l a b i l i t y  because of  t h e i r  usual small dbh.
More na tu ra l  c a v i t i e s  were found in sweetgums than in any o th e r  
t r e e  sp ec ie s .  Sweetgums were prone to  na tu ra l  c a v i ty  formation .  The 
d e n s i ty  o f  sweetgum a t  Ben Hur c o n t r o l - p l o t  r e l a t i v e  t o  a l l  spec ies  
was 2.5  times sm a l le r  than the  r e l a t i v e  d e n s i ty  o f  c av i ty -b e a r in g  
sweetgums. S im i la r ly ,  N u t ta l l  oak and American elm were a l s o  prone 
to  c a v i ty  formation .  B e l l rose  (1976:187) repor ted  American elm,
2
R e p t i l ia n  and amphibian nomenclature from Conant (1975);
s c i e n t i f i c  and connion names a re  presented in Table 74 of  the
Appendix.
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sweetgum and red maple the  b e s t  c a v i ty  producing sp ec ie s  in both 
uplands and bottomlands. Baumgartner (1939) and Gilmer e t  a l .
(1978) a l s o  rep o r ted  American elm as a good cav i ty -p roduc ing  t r e e  
sp e c ie s .  Baumgartner (1939) and Be l l rose  e t  a l .  (1964) repo r ted  
the  red oak group to  be good c a v i ty  p roducers .
The most c a v i ty  prone t r e e  spec ie s  a t  Durango was w a te r lo cu s t .
The d e n s i ty  o f  c av i ty -b e a r in g  w a te r lo c u s t  r e l a t i v e  to  a l l  spec ie s  
was almost ten  times the  r e l a t i v e  d e n s i ty  of  w a te r locu s t  in the  
s tand .  No o th e r  i n v e s t i g a t o r  has rep o r te d  w a te r lo cu s t  an important  
c a v i t y - t r e e  sp e c ie s ,  but Sanderson e t  a l . (1975) rep o r te d  black 
l o c u s t ,  ano ther  legume, a c a v i ty  producer in West V i rg in ia .
Tree age Cavity -bear ing  t r e e s  on Ben Hur c o n t r o l ,  Ben Hur box-natura l  
c a v i ty ,  and Donohoe c o n t r o l - p l o t s  were o ld e r  than c a v i ty -b e a r in g  
t r e e s  on the  o th e r  p lo t s  (p < 0 . 0 5 )  (Table 5 ) .  Cutt ing removed o ld e r  
t r e e s .  Since only c a v i ty -b e a r in g  t r e e s  were c u t ,  c a v i ty  presence 
appeared to  be a sso c ia ted  with old t r e e s .  This r e s u l t  supports  the  
idea of  Goodrum (1938), Sanderson e t  a l .  (1975) and o t h e r s ,  t h a t  
management f o r  a su s ta in ed  y i e l d  o f  n a tu ra l  c a v i t i e s  would r e q u i r e  
long r o t a t i o n s .  These old t r e e s  a re  a l s o  spec ie s  d e s i r a b l e  f o r  
hardwood t imber  production (sweetgum). Long r o t a t i o n s  o f  sweetgum 
in mixed hardwood s tands  could provide both na tu ra l  c a v i t i e s  and 
t im ber ,  but th e  t imber y i e l d  would be l e s s  due to  decreas ing  growth 
r a t e s  and in te r n a l  decay. A 78-year  r o t a t i o n  in bottomland hardwood 
s tands  such as Ben Hur c o n t r o l - p l o t  would maintain p re s e n t  na tu ra l  
c a v i ty  d e n s i ty  (Table 5).
Nest boxes could be placed in 8-year  old cottonwoods and be
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Table 5. Evaluat ion of average c a v i t y - t r e e  age a t  the  t h r e e  study
a r e a s ,  Ju ly  1977 to  February 1979
(means with  d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean age 
( y e a r s )
Grouping
Ben Hur n a tu ra l  c a v i t i e s 45 78.3 A
Ben Hur l a rg e  boxes 28 26.6 C
Ben Hur medium boxes 29 43.4 B
Ben Hur small boxes 30 45.6 B
Ben Hur l a r g e  boxes -  uncut 29 37.9 B C
Ben Hur boxes - c a v i t i e s 24 78.5 A
Durango n a tu ra l  c a v i t i e s 44 44.2 B
Durango l a rg e  boxes 30 14.0 D
Durango medium boxes 10 14.0 D
Durango small boxes 10 14.0 D
Donohoe n a tu ra l  c a v i t i e s 15 85.0 A
Donohoe l a rg e  boxes 30 34.1 B C
Donohoe medium boxes 10 31.4 B C
Donohoe small boxes 10 33.3 B C
aF = 12862/503.4 with  13 and 333 d f .
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p resen t  through the r e s t  o f  the  15-20 y ea r  r o t a t i o n  (Dutrow 1970).
In such s i t u a t i o n s ,  box dependent species 'would  have to  move to  a new 
box-bearing s tand  every 7-12 y e a r s .
Diameter a t  Breast  Height The l a r g e s t  diameter  n a tu ra l  c av i ty -b e a r in g  
t r e e s  were found a t  Ben Hur c o n t r o l - p l o t  (p < 0 . 0 5 )  (Table 6 ) .  
Diameters of  eas te rn  cottonwoods a t  Durango were as la rg e  as diameters 
o f  na tu ra l  c a v i ty -b e a r in g  t r e e s  on the  th r e e  contro l  p lo t s  (p < 0 . 0 5 ) .  
Harlow and Harrar (1969:233) repo r te d  2.5  cm of  d iameter  growth per  
y e a r  by some e a s te rn  cottonwoods. The cottonwoods a t  Durango appear 
to  be approaching t h a t  growth r a t e .
Natural  c a v i t i e s  were r e s t r i c t e d  to  l a r g e r  than average diameter  
t r e e s ;  g e n e ra l ly  40 cm and above. The r e s u l t s  o f  Dalke (1948), Gysel 
(1961), Grice and Rogers (1965), Pr ince  (1965) and Gilmer e t  a l .
(1978) concurred with mine. The average r a t e  of  upward spread of  
e s t a b l i s h e d  h e a r t  r o t  in bottomland hardwoods i s  2.7 to  6.1 cm per 
y ea r  (Putnam e t  a l . 1960). At l e a s t  f i v e  to  ten  yea rs  would probably 
be requ ired  f o r  na tu ra l  c a v i ty  format ion .  Since diameter  growth 
would probably c on t inue ,  an average of  4 to  8 cm of  d iam eter  growth 
would have accrued during t h i s  t ime. As t r e e s  become o ld e r  and growth 
r a t e  slows,  a d d i t io n a l  phys io log ica l  s t r e s s e s  would probably encourage 
h e a r t  r o t  format ion .
Tree Height Natural  c a v i t i e s  occurred in t r e e s  t a l l e r  than average 
a t  Ben Hur c o n t r o l - p l o t  and Donohoe c o n t r o l - p lo t*  and they  occurred 
more f r e q u e n t ly  in s h o r t e r  than average t r e e s  a t  Durango c o n t r o l - p l o t  
(Table 7 ) .  The he igh t  of  na tu ra l  c a v i t y - t r e e s  i s  probably a fun c t io n  
of  s i t e .  On a good s i t e ,  c av i ty  formation occurs most ly  in mature or
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Table 6. Evaluat ion of average c a v i t y - t r e e  dbh a t  the  th re e  study
a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo t N Mean dbh 
(cm)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 58.2 (2 2 .9 )b A
Ben Hur la rg e  boxes 30 26.3 (24.0) C
Ben Hur medium boxes 30 27.5 (25.9) C
Ben Hur small boxes 30 20.9 (20.2) C
Ben Hur la rg e  boxes -  uncut 30 25.3 (36.5) C
Ben Hur boxes - c a v i t i e s 30 39.5 (21.2) B
Durango na tu ra l  c a v i t i e s 46 40.8 (19.4) B
Durango la rg e  boxes 30 27.9 (21.8) C
Durango medium boxes 10 32.2 B C
Durango small boxes 10 32.1 B C
Donohoe n a tu ra l  c a v i t i e s 45 41.9 (16.9) B
Donohoe la rg e  boxes 30 25.9 (16.2) C
Donohoe medium boxes 10 18.1 C
Donohoe small boxes 10 14.7 C
aF = 5088.12/312.57 with 13 and 402 d f .
bMean dbh of  a l l  t r e e s  pe r  p l o t  in d ic a te d  p a r e n t h e t i c a l l y .
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Table 7. Evaluat ion o f  average he igh t  o f  c a v i t y - t r e e s  a t  the  th re e
study a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo t N Mean he igh t  
<m)
Grouping
Ben Hur na tu ra l  c a v i t i e s 70 23.4 ( 1 7 .8 ) b A
Ben Hur l a rg e  boxes 30 15.8 (15.6) C D
Ben Hur medium boxes 30 18.8■(17.1) B C
Ben Hur small boxes 30 14.2 (15.7) D
Ben Hur la rg e  boxes - uncut 30 16.0 (21.7) C D
Ben Hur boxes - c a v i t i e s 30 17.8 (16.5) B C D
Durango n a tu ra l  c a v i t i e s 46 19.2 (14.4) B C
Durango la rg e  boxes 30 19.7 (24.3) B C
Durango medium boxes 10 20.7 A B C
Durango small boxes 10 20.6 A B C
Donohoe n a tu ra l  c a v i t i e s 45 19.0 (15.4) B C
Donohoe la rg e  boxes 30 20.8 (16.2) A B
Donohoe medium boxes 10 17.3 B C D
Donohoe small boxes 10 13.5 D
a F = 244.75/40.92 with 13 and 402 d f .
^Mean t r e e  he igh t  per p l o t  in d ic a te d  p a r e n t h e t i c a l l y .
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over ly  mature t r e e s ;  on a poor s i t e  c a v i ty  formation may occur e a r ly  
in l i f e  due t o  a d d i t io n a l  environmental  s t r e s s .
Height of  box-bearing t r e e s  was s i m i l a r  to  the  he igh t  of  a l l  t r e e s  
on th e  p l o t  in  most in s ta n c e s .
S i t e  The d i s t r i b u t i o n  o f  c a v i ty -b e a r in g  t r e e s  on r i d g e s ,  f l a t s  and 
sloughs a t  Ben Hur va r ied  among p lo t s  (Tables 8 and 9) .  C a v i ty - t r e e s  
a t  Durango c o n t r o l - p l o t  occurred p r im a r i ly  on r id g es  and in s loughs ,  
but boxes on Durango t r e a t e d  p l o t s  occurred e x c lu s iv e ly  on a f l a t .  
Box-bearing t r e e s  on Donohoe l a r g e -b o x -p lo t  were lo ca ted  on h igher  
s i t e s  than c a v i t y - t r e e s  on the  o th e r  p l o t s .  Natural c a v i t i e s  on 
Donohoe c o n t r o l - p l o t  were d i s t r i b u t e d  over a l l  s i t e s  (Table 10).  In 
a l l  o f  the  above in s t a n c e s ,  c a v i t y - t r e e s  occurred  on s i t e s  in p ropor t ion  
to  s i t e  a v a i l a b i l i t y .  No previous i n v e s t i g a t o r  has examined n a tu ra l  
c a v i ty  frequency on physiographic  s i t e s  on the  mid-South. More 
ex te n s iv e  data  a re  needed to  determine which s i t e s  produce th e  most 
c a v i ty -b e a r in g  t r e e s .
Percen t  Bark on C a v i ty - t r e e s  and Number o f  Snags per  P lo t  The pe rcen t  
bark cover of  c a v i t y - t r e e s  was lower a t  Donohoe c o n t r o l - p l o t  than a t  
any o th e r  p l o t  (p < 0 . 0 5 ) .  More snags were p resen t  a t  Donohoe c o n t r o l -  
p l o t  than a t  any o th e r  p lo t  (p <  0 .05) .  The pe rcen t  bark cover  of 
box-bearing t r e e s  approached 100 percen t  s ince  only l i v i n g  t r e e s  were 
s e l e c te d  f o r  box placement. Trees become more a t t r a c t i v e  to  some 
woodpeckers as the  t r e e  lo se s  bark (Noble 1978). C a v i t i e s  may be more 
v i s i b l e  on b a rk le ss  t r e e s  than on t r e e s  with a f u l l  covering o f  bark.
F o r ty -e ig h t  pe rcen t  of t h e  c a v i t y - t r e e s  a t  Donohoe c o n t r o l - p l o t  
were snags ,  r e s u l t i n g  in an average of 8 .2  snags per  ha. An average
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Table 8. Evaluation of  occurrence of c a v i ty - t r e e s  on s i t e s  a t  the
th ree  study a re a s ,  Ju ly  1977 to  February 1979
' (means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo t N Mean si te*5 Grouping
Ben Hur na tura l  c a v i t i e s 70 1.9 D
Ben Hur la rge  boxes 30 1.7 D
Ben Hur medium boxes 30 1.9 D
Ben Hur small boxes 30 1.6 D
Ben Hur large  boxes - uncut 30 1.8 D
Ben Hur boxes - c a v i t i e s 30 2.1 C D
Durango na tura l  c a v i t i e s 46 2.5 C
Durango la rge  boxes 30 2.0 D
Durango medium boxes 10 2.0 D
Durango small boxes 10 2.0 0
Donohoe na tura l  c a v i t i e s 45 5.9 A
Donohoe la rge  boxes 30 5.4 B
Donohoe medium boxes 10 6.5 A
Donohoe small boxes 10 6.6 A
aF = 92.09/0 .84 with 13 and 402 df.
U
Within each h a b i t a t  type,  higher numbers in d ic a te  lower s i t e s .
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Table 9. Percen t  frequency o f  s i t e s  a t  Ben Hur and Durango,
Ju ly  1977 to  February 1979.
P lo t S i t eRidge F l a t Slough
Ben Hur na tu ra l  c a v i t i e s 6 93 1
Ben Hur l a rg e  boxes 47 37 17
Ben Hur medium boxes 50 13 37
Ben Hur small boxes 41 55 4
Ben Hur l a rg e  boxes -  uncut 23 70 7
Ben Hur boxes -  c a v i t i e s 3 80 17
Durango na tu ra l  c a v i t i e s 20 9 71
Durango la rg e  boxes 0 100 0
Durango medium boxes 0 100 0
Durango small boxes 0 100 0
Table 10. Percent  frequency of  s i t e s  a t  Donohoe 
Ju ly  1977 to  February 1979.
S i t e





Donohoe n a tu ra l  c a v i t i e s 20 27 16 18 20
Donohoe la rg e  boxes 11 17 23 34 3
Donohoe medium boxes 0 10 30 60 0
Donohoe small boxes 0 10 30 50 10
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of  8 .8  snags per  ha were found on Ben Hur c o n t r o l - p l o t ,  though snags 
made up only 10 pe rcen t  o f  th e  c a v i t y - t r e e  composition on t h a t  p l o t .  
Durango c o n t r o l - p l o t  had an average o f  only 3.3 snags per  ha. Snags 
made up 8.7  percen t  of  the  c a v i ty -b e a r in g  t r e e s  on Durango c o n t r o l -  
p lo t .  All box-bearing t r e e s  appeared sound through the  course  o f  the  
study.
Lianas on C a v i ty - t r e e s  Lianas were p re sen t  on 100 pe rcen t  o f  the  
ea s te rn  cottonwoods a t  Durango; more than was found on n a tu ra l  c a v i ty -  
t r e e s  a t  Durango c o n t r o l - p l o t  (p < 0 . 0 5 )  (Table 11). Poison ivy,  
Japanese honeysuckle and grapes were the  most f r e q u e n t ly  occurr ing  
l i a n o id  spec ies  on cottonwoods. Trumper c re e p e r ,  g rapes ,  and poison 
ivy were found most f r e q u e n t ly  on na tu ra l  c a v i t y - t r e e s  a t  Durango.
Frequency of  l i a n o id  cover on na tu ra l  c a v i t y - t r e e s  was the  same 
on a l l  con tro l  p lo t s  ( p > 0 . 0 5 )  (Table 11). G enera l ly ,  a l a r g e r  
percentage of  c a v i t y - t r e e s  in  the  bottomland p lo t s  had l i a n o id  cover  
than did  c a v i t y - t r e e s  a t  Donohoe. Poison iv y ,  grapes and c rossv ine  
occurred most f r e q u e n t ly  on c a v i t y - t r e e s  a t  Ben Hur. Poison ivy ,  
r a t t a n - v i n e  and c ro ssv in e  occurred most f r e q u e n t ly  on c a v i t y - t r e e s  
a t  Donohoe.
The presence of  l i a n a s  may a s s i s t  some spec ie s  such as r a t  snakes 
and V irg in ia  opossums, in reach ing  n es t  boxes and na tu ra l  c a v i t i e s .  
Lianoid cover  may a f f e c t  th e  v i s i b i l i t y  o f  th e  c av i ty  en t rance .
Lianoid cover  may make a c a v i ty  more d e s i r a b l e  by in d iv id u a ls  or 
s p e c i e s .
Height o f  th e  Lowest Live Limb The he igh t  o f  th e  lowest  l i v e  limb may
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Table 11. Evaluat ion o f  occurrence of  l i a n a s  on c a v i t y - t r e e s  a t  the
th r e e  study a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo t N Mean occurrence 
o f  e p ip hy tesb
Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 1.38 A B C
Ben Hur l a rg e  boxes 30 1.50 A B C
Ben Hur medium boxes 30 1.17 C D
Ben Hur small boxes 30 1.17 C D
Ben Hur l a rg e  boxes - uncut 30 1.07 D
Ben Hur boxes -  c a v i t i e s 30 1.23 C D
Durango n a tu ra l  c a v i t i e s 46 1.30 B C
Durango la rg e  boxes 30 1.00 D
Durango medium boxes 10 1.00 D
Durango small boxes 10 1.00 D
Donohoe n a tu ra l  c a v i t i e s 45 1.42 A B C
Donohoe l a r g e  boxes 30 1.54 A
Donohoe medium boxes 10 1.70 A
Dcnohoe small boxes 10 1.50 A B C
a F = 1 .060/0 .200 with 13 and 402 d f .
\ o w e r  number in d ic a te s  h igher  frequency o f  occurrence 
(1 = 100%; 2 = 0%).
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in f lu en ce  v i s i b i l i t y  o f  th e  c a v i ty  en trance  and a c c e s s i b i l i t y  o f  the  
c a v i ty  by r e p t i l e s  and mammals. Gysel (1961) repo r ted  the  he igh t  of 
c a v i t i e s  r e l a t e d  to  crown h e igh t .  S i l v i c u l t u r a l l y  th e  h e igh t  o f  the  
lowest  l i v e  limb r e f l e c t s  th e  s e l f -p r u n in g  a b i l i t y  o f  c e r t a i n  t r e e  
sp e c ie s .  Height o f  the  lowest  l i v e  branch was h ig h e s t  a t  Donohoe 
l a r g e -b o x -p lo t  and Donohoe medium-box-plot,  and lowest  a t  the  th re e  
Durango t r e a t e d  p lo t s  (p <  0.05) (Table 12).
C a v i ty - t r e e  Lean C a v i ty - t re e s  a t  Durango c o n t r o l - p l o t  leaned more 
than c a v i t y - t r e e s  on any o th e r  p lo t  except Ben Hur box-natura l  c a v i ty -  
p l o t  (p < 0 . 0 5 )  (Table 13). Apparently w a te r lo c u s t ,  which comprised 
58 pe rcen t  of  th e  na tu ra l  c a v i ty -b e a r in g  t r e e s  a t  Durango, i s  
p h o to t ro p ic ,  r e s u l t i n g  in excess ive  lean to  a t t a i n  needed s u n l i g h t .
Average lean on a l l  s i t e s  was 3.2°(SD = 4 .0 ) .  This value i s
s i m i l a r  to  t h a t  repo r ted  f o r  snags in  sou th e as te rn  Alaska by Noble
(1978). A lean ing  t r e e  may a llow f r e e r  access t o  th e  c a v i ty  f o r  
quadrupeds,  o r  may be a p re fe r r e d  n e s t in g  s i t e  by some primary 
c a v i t y - n e s t e r s  (Conner 1975).
Cavit .y-tree  Fork and Fork Height Fewer e a s te rn  cottonwoods a t  Durango 
had forks  than c a v i t y - t r e e s  on a l l  o th e r  p lo ts  except  Donohoe l a r g e -  
box, Donohoe medium-box and Donohoe sm a l l -bo x -p lo ts  (p <  0.05)
(Table 14). Forked c a v i t y - t r e e s  occurred most f r e q u e n t ly  a t  Ben Hur 
box-natura l  c a v i ty  p l o t  (53 p e rc e n t ) .
There was no d i f f e r e n c e  in the  he igh t  o f  fo rks  in c a v i t y - t r e e s  
among a reas  (p 0.05) (x ~ 7 .2  m; SD -  3 .45 ) .
Forking i s  u su a l ly  the  r e s u l t  o f  damage to  th e  terminal  bud
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Table 12. Evaluat ion of  average he igh t  of  the  lowest  l i v e  branch on
c a v i t y - t r e e s  a t  th e  th re e  s tudy a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) .
P lo t N Mean h e ig h t  
(m)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 63 6.9 B C D E
Ben Hur l a rg e  boxes 30 7.2 . B C D
Ben Hur medium boxes 29 8.3 A B
Ben Hur small boxes 27 5.9 B C D E
Ben Hur l a rg e  boxes -  uncut 30 7.0 B C D E
Ben Hur boxes - c a v i t i e s 26 7.0 B C D E
Durango n a tu ra l  c a v i t i e s 42 7.5 B
Durango la rg e  boxes 30 5.4 C D E
Durango medium boxes 10 4.1 E
Durango small boxes 10 4.3 D E
Donohoe n a tu ra l  c a v i t i e s 24 7.4 B
Donohoe la rge  boxes 30 9.9 A
Donohoe medium boxes 10 8.6 A B
Donohoe small boxes 10 5.9 B C D E
a F = 50.32/11 .83  with 13 and 362 df .
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Table 13. Evaluation of  average angle  of  c a v i t y - t r e e  lean a t  the
th re e  study a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo t N Average lean 
(°)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 66 2.7 C D
Ben Hur la rg e  boxes 30 2.2 C D
Ben Hur medium boxes 30 3.9 B C
Ben Hur small boxes 30 3.1 B C D
Ben Hur l a rg e  boxes - uncut 30 3.4 B C D
Ben Hur boxes - c a v i t i e s 30 4.9 A B
Durango n a tu ra l  c a v i t i e s 46 6.2 A
Durango la rg e  boxes 30 3.1 B C D
Durango medium boxes 10 1.7 C D
Durango small boxes 10 0.5 D
Donohoe n a tu ra l  c a v i t i e s 45 2 .6 C D
Donohoe la rg e  boxes 30 1.5 D
Donohoe medium boxes 10 2.1 C D
Donohoe small boxes 10 3.7 B C D
a F = 60 .98/15 .87  with 13 and 397 df .
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Table 14. Evaluation o f  frequency of  fo rks  in c a v i t y - t r e e s  a t  the
th re e  s tudy areas* Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo ts N Frequency 
o f  forks
Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 0.31 C D
Ben Hur l a rg e  boxes. 30 0.27 B C
Ben Hur medium boxes 29 0.38 C D
Ben Hur small boxes 30 0.37 C D
Ben Hur l a rg e  boxes -  uncut 30 0.37 C D
Ben Hur boxes - c a v i t i e s 30 0.53 D
Durango n a tu ra l  c a v i t i e s 46 0.35 C D
Durango la rg e  boxes 30 0.00 A
Durango medium boxes 10 0.11 A B C
Durango small boxes 10 0.10 A B C
Donohoe n a tu ra l  c a v i t i e s 39 0.31 C D
Donohoe l a r g e  boxes 30 0.09 A B
Donohoe medium boxes 10 0.10 A B C
Donohoe small boxes 10 0.10 A B C
a F = 0.588/0.191 with 13 and 395 df .
80
followed by increased upward growth o f  two or more of the  l a t e r a l  
shoots .  Since forked or  mult i-branched t r e e s  have a g r e a te r  surface 
area to  volume r a t i o  than do unforked or few branched t r e e s ,  then 
the p ro b a b i l i ty  of damage and subsequent d isease  occurrence i s  g rea te r  
in the  former than in the  l a t t e r .  The frequency of  forked cav i ty -  
t r e e s  on the  th ree  control  p lo ts  was almost iden t ica l  (31-35 percent) 
(Table 14). I did not count the  number of forked t r e e s  on each p l o t ,  
so I cannot say forked t r e e s  were more l i k e l y  to  have na tura l  c a v i t i e s .
Distance to  the  Nearest Cavity Tree The d is tance  between c a v i ty - t r e e s  
was g r e a t e r  a t  the  upland t r e a t e d  p lo ts  than d is tances  between cav i ty -  
t r e e s  a t  a l l  bottomland p lo ts  and Donohoe c o n t r o l - p lo t  ( p <  0.05)
(Table 15). Distances between c a v i ty - t r e e s  were g r e a t e r  a t  Durango 
t r e a t e d  p lo t s  than a t  Durango c o n t r o l - p lo t s  (p < 0 . 0 5 )  (Table 15). 
Distances between c a v i ty - t r e e s  were g r e a te r  a t  Ben Hur t r e a t e d  p lo ts  
than a t  Ben Hur c o n t r o l - p lo t s  (p <  0..05) (Table 15). These r e s u l t s  
a re  due to  d i f fe ren c e s  in cav i ty  dens i ty  among h a b i t a t s  and to  the 
even d i s t r i b u t i o n  o f  boxes versus the  random or clumped d i s t r i b u t i o n  
o f  n a tu ra l  c a v i t i e s .  Closely grouped c a v i t i e s  increase  the  l ike l ihood  
t h a t  an animal wil l  become aware o f  more c a v i t i e s  than i f  the  c a v i t i e s  
were spaced widely. Evenly spaced c a v i t i e s  increase  the  l ike l ihood  
t h a t  an animal wil l  encounter  a t  l e a s t  one c a v i ty ,  r eg a rd less  of 
where the  animal i s  on the  p l o t .  Clumped c a v i t i e s  may decrease the 
l ik e l ih o o d  t h a t  an animal wil l  encounter  a c a v i ty ,  but i f  a c av i ty  i s  
found, o thers  a re  a lso  l i k e l y  to  be found. This l a t t e r  l ike l iho o d  
i s  increased i f  more than one cav i ty  i s  p resen t  in the same t r e e .
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Table 15. Evaluat ion o f  average d i s ta n c e  to  the  n e a r e s t  c a v i t y - t r e e
a t  the  t h r e e  s tudy a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) .
P lo t  N Mean d i s t a n c e  Groupinq
(m)
Ben Hur n a tu ra l  c a v i t i e s 69 5.6 F
Ben Hur l a rg e  boxes 30 11.2 D
Ben Hur medium boxes 30 12.5 D
Ben Hur small boxes 30 11.3 D
Ben Hur l a rg e  boxes - uncut 30 11.6 D
Ben Hur boxes -  c a v i t i e s 30 8.2 E
Durango n a tu ra l  c a v i t i e s 46 8.3 E
Durango l a rg e  boxes 30 17.0 C
Durango medium boxes 10 10.7 D E
Durango small boxes 10 10.7 D E
Donohoe n a tu ra l  c a v i t i e s 45 13.2 D
Donohoe la rg e  boxes 30 24.2 A B
Donohoe medium boxes 10 25.8 A
Donohoe small boxes 10 21.4 B
a F = 967.65/23.50 with 13 and 400 d f .
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Number o f  C av i t ies  per  Tree Natural c a v i t i e s  a t  Ben Hur c o n t r o l - p l o t  
were spaced c lo s e r  to g e th e r  and occurred more f r e q u e n t ly  in the  same 
t r e e  than c a v i t i e s  on any o th e r  p lo t  (p < 0 . 0 5 )  {Table 16).  The number 
o f  c a v i t i e s  per t r e e  a t  Ben Hur c o n t r o l - p l o t  was g r e a t e r  than the  
number of  c a v i t i e s  per  t r e e  repor ted  by Gilmer e t  a l . (1978).
I f  an animal encountered one c av i ty  a t  Ben Hur c o n t r o l - p l o t ,  i t  
i s  l i k e l y  t h a t  i t  would have encountered more c a v i t i e s  th e re  than i t  
would have a t  any o th e r  p lo t .  The l ik e l ih o o d  t h a t  an animal would 
have encountered a t  l e a s t  one c a v i ty  was g r e a t e s t  a t  Ben Hur box- 
n a tu ra l  c a v i t y - p l o t ,  Durango medium-box-plot and Durango small-box- 
p l o t .
Distance to  Hater  Gilmer e t  a l . (1978) ind ic a te d  t h a t  use of  c a v i t i e s  
by wood ducks was in f luenced  by the  d i s tan c e  o f  the  c a v i ty  from water . 
C av i t ie s  a t  Durango c o n t r o l - p l o t  were c lo s e r  to  water than c a v i t i e s  
on any o th e r  p l o t  except  Ben Hur medium-box-plot ( p <  0.05) (Table 17). 
This f in d in g  should be expected on the  bas is  o f  the  predominant 
physiographic  f e a t u r e s  o f  th ese  p lo t s  (p r im a r i ly  s lo ug h s) .  No wood 
duck use was found a t  Durango d e s p i t e  i t s  proximity to  water .
Number of  Trees per  0.02 ha Surrounding the  C a v i ty - t r e e  An average of 
e ig h t  t r e e s  (over 10 cm dbh) surrounded c a v i t y - t r e e s  a t  Durango l a rg e -  
box-p lo t ;  more than on any o th e r  p lo t  (p < 0 . 0 5 )  (Table 18). Boxes 
were placed in a g r id  p a t t e r n  in  the  cottonwood p l a n t a t i o n .  Trees in 
the  p l a n t a t i o n  were spaced 6 x 6 m. Since the  rad ius  o f  an 0.02-ha 
p l o t  i s  about  8 m, we would expect  an average o f  e ig h t  t r e e s  
surrounding each box.
Since most n a tu ra l  c a v i t i e s  were found in o ld ,  l a rge  diameter
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Table 16. Evaluat ion of  the  average number o f  a d d i t io n a l  c a v i t i e s
per  c a v i t y - t r e e  a t  the  th re e  study a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean number 
of c a v i t i e s b
Grouping
Ben Hur na tu ra l  c a v i t i e s 70 1.9 A
Ben Hur la rg e  boxes 30 0.0 D
Ben Hur medium boxes 30 0.0 D
Ben Hur small boxes 30 0.0 D
Ben Hur la rg e  boxes - uncut 30 0.0 D
Ben Hur boxes - c a v i t i e s 30 0.1 D
Durango n a tu ra l  c a v i t i e s 46 0.8 C
Durango la rg e  boxes 30 0.0 D
Durango medium boxes 10 0.0 D
Durango small boxes 10 0.0 D
Donohoe na tu ra l  c a v i t i e s 45 1.3 B
Donohoe l a rg e  boxes 30 0.0 D
Donohoe medium boxes 10 0.0 D
Donohoe small boxes 10 0.0 D
aF = 21.22/0.91 with 13 and 402 df .
bThe average number of  c a v i t i e s  per t r e e  i s  t h i s  value plus one.
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Table 17. Evaluat ion of  average d i s tan c e  to  water from c a v i t y - t r e e s
a t  the  t h r e e  study a re a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean d i s tan c e  
On)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 69 18.3 A B
Ben Hur la rg e  boxes 30 24.1 A
Ben Hur medium boxes 30 9.6 C D
Ben Hur small boxes 30 21.4 A
Ben Hur la rg e  boxes - uncut 30 18.2 A B
Ben Hur boxes - c a v i t i e s 30 11.7 B C
Durango na tu ra l  c a v i t i e s 46 2.5 D
Durango la rg e  boxes 30 30.5 A
Durango medium boxes 10 30.5 A
Durango small boxes 10 30.5 A
Donohoe na tu ra l  c a v i t i e s 45 25.5 A
Donohoe la rg e  boxes 30 28.1 A
Donohoe medium boxes 10 29.9 A
Donohoe small boxes 10 26.9 A
a F = 2373.5 /287.7 with 13 and 401 df .
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Table 18. Evaluat ion of  the  average number of  t r e e s  per  0.02 ha 
around c a v i t y - t r e e  a t  the  th re e  s tudy a r e a s ,
Ju ly  1977 to  February 1979 
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean number 
of  t r e e s
Grouping
Ben Hur na tu ra l  c a v i t i e s 69 3.3 E
Ben Hur l a rg e  boxes 30 6 .3 B
Ben Hur medium boxes 30 3.7 D E
Ben Hur small boxes 30 3.5 E
Ben Hur l a rg e  boxes - uncut 30 3 .8 D E
Ben Hur boxes ~ c a v i t i e s 30 5.4 B C
Durango na tu ra l  c a v i t i e s 46 3.3 E
Durango la rg e  boxes 30 8.0 A
Durango medium boxes 10 4 .4 C D
Durango small boxes 10 3.4 E
Donohoe n a tu ra l  c a v i t i e s 45 3.2 E
Donohoe l a rg e  boxes 30 3.7 E
Donohoe medium boxes 10 4 .2 . C D E
Donohoe small boxes 10 5.2 B C D
9F = 62 .44/3 .45  with 13 and 400 d f .
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t r e e s ,  few c a v i t y - t r e e s  would be found in c lose  proximity t o  one 
ano the r .  Also the  l a r g e r  canopies o f  such t r e e s  would prevent  a l l  
but  the  most shade t o l e r a n t  spec ies  from e x i s t i n g  below them.
S im i la r  r e s u l t s  were repo r ted  by Gilmer e t  a l .  (1978).
Height of Cavity in  the  Tree Boxes and na tu ra l  c a v i t i e s  were loca ted  
lower in  t r e e s  a t  Durango than a t  th e  o th e r  p lo t s  (p < 0 . 0 5 )  (Table 
19). Since the  h e igh t  o f  boxes was determined by the  average he igh t  
of  na tu ra l  c a v i t i e s ,  few d i f f e r e n c e s  were found among p lo t s  w i th in  
h a b i t a t s  (Table 19).
Hardin and Evans (1977) repo r te d  p r e f e r r e d  n es t in g  he igh ts  of  
12 m o r  l e s s  f o r  14 c a v i ty - n e s t i n g  b ird  s p e c ie s .  The average he igh t  
o f  a l l  n e s t  boxes and n a tu ra l  c a v i t i e s  f a l l s  w i th in  t h i s  range.
Diameter of  the  Tree a t  the  Cavity The diameter  of  c a v i t y - t r e e s  a t  the
c av i ty  was l a r g e r  a t  Ben Hur c o n t r o l - p l o t  than a t  any o th e r  p l o t  
(p < 0 . 0 5 )  (Table 20). D ia m e te r - a t -b re a s t -h e ig h t  of  c a v i t y - t r e e s  was 
a l so  l a r g e r  a t  Ben Hur c o n t r o l - p l o t  than a t  any o th e r  p l o t  ( p <  0.05)
(Table 14). Mean diameter  of  t r e e s  a t  the  c a v i ty  was d i r e c t l y
r e l a t e d  t o  the  dbh o f  c a v i t y - t r e e s .  The d iameter  o f  th e  t r e e  a t  the  
c a v i ty  i s  important  because i t  l im i t s  the  s i z e  o f  a n e s t  box or 
na tu ra l  c a v i ty  which can be loca ted  t h e r e .  Of course ,  r e s t r i c t i o n s  
on n a tu ra l  c av i ty  s i z e  a re  more s t r i n g e n t  than r e s t r i c t i o n s  on box 
s i z e .
Entrance Shape and Dimensions Entrance c h a r a c t e r i s t i c s  may be 
important  to  sp ec ie s  with a search-image f o r  a p a r t i c u l a r  en trance  s i z e
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Table 19. Evaluat ion o f  average he igh t  o f  c a v i ty  in c a v i t y - t r e e s
a t  th e  th re e  s tudy a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean he igh t  
(m)
Grouping
Ben Hur na tu ra l  c a v i t i e s 70 7.5 A B
Ben Hur l a rg e  boxes 30 6.1 B C
Ben Hur medium boxes 30 6.1 B C
Ben Hur small boxes 30 6.1 B C
Ben Hur l a rg e  boxes - uncut 30 6.1 B C
Ben Hur boxes - c a v i t i e s 30 5.8 C
Durango n a tu ra l  c a v i t i e s 46 5.6 C
Durango l a r g e  boxes 30 5.5 C
Durango medium boxes 10 5.5 C
Durango small boxes 10 5.5 C
Donohoe na tu ra l  c a v i t i e s 45 8.1 A
Donohoe l a rg e  boxes 30 6.1 B C
Donohoe medium boxes 10 6.1 A B C
Donohoe small boxes 10 6.1 A B C
a F -  24.84/11 .08  with 13 and 403 df .
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Table 20. Evaluat ion o f  average diameter of  c a v i t y - t r e e  a t  the
th re e  s tudy a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean diameter  
(cm)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 42.7 A
Ben Hur l a rg e  boxes 30 16.6 C
Ben Hur medium boxes 30 21.4 B C
Ben Hur small boxes 30 16.5 C
Ben Hur la rg e  boxes - uncut 30 21.2 B C
Ben Hur boxes - c a v i t i e s 29 30.9 B
Durango n a tu ra l  c a v i t i e s 46 31.5 B
Durango la rg e  boxes 30 25.1 B C
Durango medium boxes 10 29.5 B C
Durango small boxes 10 28.4 B C
Donohoe n a tu ra l  c a v i t i e s 45 29.0 B C
Donohoe la rg e  boxes 30 27.4 B C
Donohoe medium boxes 10 14.9 C
Donohoe small boxes 10 10.9 C
a F = 2423.4/419.01 with 13 and 399 df .
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and/or  shape.
A wider range o f  en trance  shapes was found a t  c a v i t i e s  on Durango 
c o n t r o l - p l o t  than on o th e r  p l o t s .  C i r c u la r  en trances  predominated 
on a l l  p lo t s  except  those  with small boxes (Table 21).
Natural  c a v i ty  en trance  he igh ts  a t  Ben Hur c o n t r o l - p l o t  and Ben
Hur box-natura l  c a v i t y - p l o t  were l a r g e r  than those a t  Durango c o n t r o l - 
p l o t  and a l l  p lo t s  with medium and small boxes (p <  0.05)  {Table 22).
The width of  en trances  o f  c a v i t i e s  a t  Durango c o n t r o l - p l o t  were 
g r e a t e r  than those  a t  Ben Hur c o n t r o l - p l o t  (p <  0.05) (Table 23). The 
width o f  en trances  o f  n a tu ra l  c a v i t i e s  a t  Donohoe c o n t r o l - p l o t  were 
not  d i f f e r e n t  from en trance  widths on the  o th e r  two contro l  p lo t s
(p > 0 . 0 5 ) .  The average s i z e  o f  c a v i ty  en trances  a t  Ben Hur contro l
2 2 2p l o t  was .129.0 cm ; a t  Durango, 114.4 cm ; and a t  Donohoe, 140.3 cm .
2 2Entrance s i z e s  o f  la rg e  boxes were 126.7 cm ; medium boxes, 45.5 cm ;
2
and small boxes, 38.8 c m .  All o f  th e se  f i g u r e s  a re  w ith in  th e  range 
of  s i z e s  repor ted  d e s i r a b l e  f o r  a v a r i e ty  of  sp ec ie s  (Baumgartner 
1939, Bell rose  e t  a l . 1964, Flyger and Cooper 1967, and o t h e r s ) .
Differences  in c a v i ty  en t ran ce  s i z e  and shape among p l o t s  may 
be due to d i f f e r e n c e s  in  spec ie s  composition. The e f f e c t  o f  damage 
to  t r e e  t i s s u e  and subsequent h e a r t - r o t  may be spec ies  s p e c i f i c .  More 
re sea rch  i s  needed to  determine the  a f f e c t s  of  fungal h e a r t - r o t s  upon 
c a v i ty  formation in a v a r i e ty  o f  t r e e  sp e c ie s .
In te rn a l  Cavity Dimensions D iffe rences  among box s i z e s  s t r a t i f i e d  as 
expected.  Mean c a v i ty  dimensions and volume were l a r g e r  a t  Donohoe 
c o n t r o l - p l o t  than a t  Durango c o n t r o l - p l o t  (p < 0 . 0 5 )  (Tables 24-27).  
Dimensions and volumes o f  na tu ra l  c a v i t i e s  a t  Ben Hur c o n t r o l - p l o t
Table 21. Percent frequency of entrance shapes a t  the  three  study a reas ,
June 1977 to  February 1979.
Plot ________________________ Shape___________________________
Round Square Triangular Rectangular Oval
Ben Hur natural  c av i t i e s  76
Ben Hur large boxes 100
Ben Hur medium boxes 100
Ben Hur small boxes 0
Ben Hur large boxes -  uncut 100

























Durango natural  c av i t i e s  60
Durango large boxes 100
Durango medium boxes 100



















Plot   Shape______________
Round Square Triangular Rectangular Oval
Donohoe natural  c a v i t i e s  85 2 2 10 0
Donohoe large boxes 100 0 0 0 0
Donohoe medium boxes 100 0 0 0 0
Donohoe small boxes 0 0 0 100 0
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Table 22. Evaluation of  average he igh t  o f  c a v i ty  en trance  a t  the
th ree  study a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean en trance  
he igh t  (cm)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 13.3 A
Ben Hur la rge  boxes 30 12.7 A B
Ben Hur medium boxes 30 7.6 B C
Ben Hur small boxes 30 5.1 C
Ben Hur la rg e  boxes - uncut 30 12.7 A B
Ben Hur boxes -  c a v i t i e s 30 14.3 A
Durango na tu ra l  c a v i t i e s 46 8.6 B C
Durango la rg e  boxes 30 12.7 A B
Durango medium boxes 10 7.6 B C
Durango small boxes 10 5.1 C
Donohoe na tu ra l  c a v i t i e s 45 12.2 A B
Donohoe la rg e  boxes 30 12.7 A B
Donohoe medium boxes 10 7.6 B C
Donohoe small boxes 10 5.1 C
a F = 248.58/69.17 with 13 and 402 d f .
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Table 23. Evaluat ion of  average width of  c a v i ty  en t rance  a t  the
t h r e e  study a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s ig n i f i c a n t ly . ,  d < 0 . 0 5 ) . a
P lo t W Mean en trance  
width (cm)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 9.7 B C D
Ben Hur l a rg e  boxes 30 12.7 A
Ben Hur medium boxes 30 7.6 D E
Ben Hur small boxes 30 5.1 E
Ben Hur la rg e  boxes - uncut 30 12.7 A
Ben Hur boxes -  c a v i t i e s 30 12.2 A B
Durango n a tu ra l  c a v i t i e s 46 13.3 A
Durango l a rg e  boxes 30 12.7 A
Durango medium boxes 10 7.6 C D E
Durango small boxes 10 5.1 E
Donohoe n a tu ra l  c a v i t i e s 45 11.5 A B C
Donohoe l a rg e  boxes 30 12.7 A
Donohoe medium boxes 10 7.6 C D E
Donohoe small boxes 10 5.1 E
aF = 231.02/30.94 with 13 and 403 df .
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Table 24. Evaluat ion of  average i n t e r n a l  cav i ty  h e igh t  a t  the  th ree
study a r e a s ,  Ouly 1977 to  February 1979
{means with  d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y  p < 0 . 0 5 ) . a
P lo t N Mean c av i ty  
h e igh t  (cm)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 57 35.6 C D
Ben Hur la rg e  boxes 30 61.0 A
Ben Hur medium boxes 30 45.7 B C
Ben Hur small boxes 30 30.5 C D
Ben Hur l a rg e  boxes -  uncut 30 61.0 A
Ben Hur boxes -  c a v i t i e s 29 52.5 A B
Durango n a tu ra l  c a v i t i e s 41 25.3 D
Durango la rg e  boxes 30 61.0 A
Durango medium boxes 10 45.7 A B C
Durango small boxes 10 30.5 C D
Donohoe na tu ra l  c a v i t i e s 34 45.0 B C
Donohoe l a rg e  boxes 30 61.0 A
Donohoe medium boxes 10 45.7 A B C
Donohoe small boxes 10 30.5 C D
a F = 4969.0 /521.7 with 13 and 372 d f .
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Table 25. Evaluation of average in te rn a l  cav i ty  width a t  the  three
study a re a s ,  Ju ly  1977 to  February 1979
{means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Mean cav i ty  
width (cm)
Grouping
Ben Hur na tura l  c a v i t i e s 57 13.6 D
Ben Hur la rge  boxes 30 30.5 A
Ben Hur medium boxes 30 20.3 B C
Ben Hur small boxes 30 15.2 C D
Ben Hur la rge  boxes -  uncut 30 30.5 A
Ben Hur boxes - c a v i t i e s 29 22.4 B
Durango na tura l  c a v i t i e s 41 11.5 D
Durango la rge  boxes 30 30.5 A
Durango medium boxes 10 20.3 B C
Durango small boxes 10 15.2 C D
Donohoe na tura l  c a v i t i e s 34 17.3 ' C
Donohoe la rge  boxes 30 30.5 A
Donohoe medium boxes 10 20.3 B C
Donohoe small boxes 10 15-2 C D
aF = 1557.9/47.2 with 13 and 372 df .
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Table 26. Evaluation of  average i n te r n a l  c a v i ty  depth a t  the  th re e
study a re a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) , a
P lo t N Mean c a v i ty  
depth (cm)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 57 14.3 D E
Ben Hur la rg e  boxes 30 30.5 A
Ben Hur medium boxes 30 20.3 B C D
Ben Hur small boxes 30 15.2 D E
Ben Hur la rg e  boxes - uncut 30 30.5 A
Ben Hur boxes - c a v i t i e s 29 23.4 B
Durango na tu ra l  c a v i t i e s 41 12.3 E
Durango la rg e  boxes 30 30.5 A
Durango medium boxes 10 20.3 B C D
Durango small boxes 10 15.2 C D E
Donohoe n a tu ra l  c a v i t i e s 37 20.7 B C
Donohoe la rg e  boxes 30 30.5 A
Donohoe medium boxes 10 20.3 B C D
Donohoe small boxes ■ 10 15.2 C D E
a f  = 1422.9/59.4  with 13 and 375 d f .
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Table 27. Evaluation of average cav i ty  volume a t  the th ree  study
a re a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lot N Mean cav i ty  
volume (cm3)
Grouping
Ben Hur na tura l  c a v i t i e s 57 22000 C D
Ben Hur la rge  boxes 30 57000 A
Ben Hur medium boxes 30 19000 C D E
Ben Hur small boxes 30 7000 D E
Ben Hur large  boxes - uncut 30 57000 A
Ben Hur boxes - c a v i t i e s 29 41000 A B
Durango natura l  c a v i t i e s 41 6000 E
Durango la rge  boxes 30 57000 A
Durango medium boxes 10 19000 C D E
Durangc small boxes 10 7000 D E
Donohoe natura l  c a v i t i e s 34 34000 B C
Donohoe la rge  boxes 30 57000 A
Donohoe medium boxes 10 19000 C D E
Donohoe small boxes 10 7000 D E
*F = 11605859789/1135586048 with 13 and 372 df .
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remained in te rm ed ia te  between those  a t  Durango and Donohoe c o n t r o l - 
p l o t s .  Mean c a v i ty  depth ,  mean c a v i ty  width and mean c a v i ty  volume 
were l a r g e r  a t  Ben Hur c o n t r o l - p l o t  t h a t  a t  Durango c o n t r o l - p l o t  
(p < 0 . 0 5 )  (Tables 25-27) ,  but mean c a v i ty  h e ig h t  was not  d i f f e r e n t  
between these  two p lo ts  (p >  0.05) (Table 24).  The o ld e r  c a v i t y - t r e e s  
a t  Donohoe (x = 85 y e a r s )  ana Ben Hur (x* = 78 y e a r s )  c o n t r o l - p l o t s  
had a longer period of  time to  decay than c a v i t y - t r e e s  a t  Durango 
c o n t r o l - p l o t  (x = 44 y e a r s )  p oss ib ly  r e s u l t i n g  in s l i g h t l y  l a r g e r  
c a v i t i e s  having been formed in t r e e s  on the  former p l o t s .  D if ferences  
in c a v i ty  s i z e  may a lso  have been due to  spec ies  s p e c i f i c  e f f e c t s  of 
fungal h e a r t - r o t s .  Mean c a v i ty  volume of  a l l  boxes and n a tu ra l  
c a v i t i e s  except small boxes and na tu ra l  c a v i t i e s  a t  Durango c o n t r o l -  
p l o t  was w ith in  the  range d e s i r a b l e  t o  wood ducks (B e l l ro se  e t  a l . 
1964).
Cavity Location and Angle from Horizontal  The percentage of c a v i t i e s  
loca ted  in limbs was not d i f f e r e n t  among the  c o n t r o l - p lo t s  ( p > 0 . 0 5 )  
(Table 28) (13-19 p e rc e n t ) .  Some sp ec ie s  o f  woodpeckers p r e f e r  
n e s t in g  and ro o s t in g  s i t e s  with en trances  g r e a t e r  than 90° from 
h o r i z o n t a l ,  and s ince  the  unders ide  of  limbs in v a r i a b ly  meet t h i s  
requirement ,  c a v i t i e s  loca ted  in limbs may be important  to  some 
woodpeckers as well as secondary c a v i ty - u s e r s  (Conner 1975).
More c a v i ty  en trances  faced upward a t  Donohoe c o n t r o l - p l o t  than 
on any o th e r  p l o t  (p <  0.05) (x = 7 3 .1 ° ) .  Many o f  the  c a v i t i e s  on 
t h i s  p l o t  may have been u nd es i rab le  f o r  use by woodpeckers and o the r  
c a v i ty - u s e r s  because the  en trances  o f  most c a v i t i e s  faced up allowing 
r a in  to  e n te r  the  c a v i ty .
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Table 28. Evaluat ion of  occurrence o f  c a v i ty  in  limb o r  t runk  a t
the  th re e  s tudy a r e a s ,  Ju ly  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) . a
P lo t N Mean lo c a t io n Grouping
Ben Hur n a tu ra l  c a v i t i e s 70 1.19b A
Ben Hur la rg e  boxes 30 1.00 C
Ben Hur medium boxes 30 1.00 C
Ben Hur small boxes 30 1.03 B C
Ben Hur l a rg e  boxes - uncut 30 « o o C
Ben Hur boxes -  c a v i t i e s 30 1.00 C
Durango na tu ra l  c a v i t i e s 46 1.13 B C
Durango l a rg e  boxes 30 1.00 C
Durango medium boxes 10 1.00 C
Durango small boxes 10 1.00 C
Donohoe na tu ra l  c a v i t i e s 45 1.13 B C
Donohoe la rg e  boxes 30 1.00 C
Donohoe medium boxes 10 1.00 C
Donohoe small boxes 10 1.00 C
a F = 0 .149/0 .086 with 13 and 397 d f .
^Larger number i n d ic a t e s  g r e a t e r  frequency o f  c a v i ty  occurrence 
on limbs (1 = 0%; 2 = 100%).
TOO
Conner (1975) in d ic a te d  t h a t  woodpeckers p r e f e r  to excavate 
c a v i t i e s  on the  bole of  a t r e e  under a limb. I found no d i f f e r e n c e s  
in th e  frequency of  c a v i t i e s  under limbs among p l o t s  (p >  0.05)
(x" = 10 pe rc en t ;  range = 0-24 p e rc e n t ) .
Cavity Origin Limb breakage was the  most f r eq u e n t  form o f  c av i ty  
formation on a l l  con tro l  p l o t s ,  though 38 p e rcen t  o f  the  c a v i t i e s  a t  
Donohoe c o n t r o l - p l o t  were made by animals;  more than on any o th e r  p l o t  
(Table 29) .  Baumgartner (1939) descr ibed  in d e t a i l  c a v i ty  formation 
fo l lowing  limb breakage.
Entrance O r ie n ta t io n  Conner (1975) and Gilmer e t  a l . (1978) ind ic a te d  
t h a t  en trances  to  c a v i t i e s  used by woodpeckers and wood ducks were 
non-random. Entrances to  n a tu ra l  c a v i t i e s  on the  con tro l  p lo t s  were 
d i s t r i b u t e d  in a l l  d i r e c t i o n s  (Table 30).  Animal-made c a v i t i e s  faced 
mostly  nor th  and west  a t  Donohoe (n = 17),  south and southweast  a t  Ben 
Hur (n = 9 ) ,  and south a t  Durango (n = 2 ) .  Conner (1975) repor ted  
en t rances  opening p r im a r i ly  n o r th e a s t  in V i rg in ia .  The sun-warmth 
theory  o f  Lawrence (1967) and Dennis (1969) may be a p p l i c a b le  to  the  
Ben Hur and Durango animal-made c a v i t i e s .  P re v a i l in g  winds probably 
determine c a v i ty  o r i e n t a t i o n  a t  Donohoe. The p re v a i l in g  winds a t  
Donohoe a re  s o u th e a s te r ly  so north  o r  west  fac ing  c a v i t i e s  should be 
p r e f e r r e d .  Light r e l a t i o n s  with in  the  f o r e s t  s tand  may a l s o  c o n t r i b ­
u te  to  c a v i ty  o r i e n t a t i o n .
Management Im plica t ions  The he igh ts  of  fo rks  in c a v i t y - t r e e s  and the  
frequency of  c a v i t i e s  under limbs were the  only c a v i ty  c h a r a c t e r i s t i c s  
not  d i f f e r e n t  among p l o t s  (p > 0 . 0 5 ) .  I f  only n a tu ra l  c a v i t i e s  are
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Table 29. Percent  frequency of  cav i ty  o r ig in s  a t  the  th re e  study 
a re a s ,  January 1977 to February 1979.
_______________Origin________________
Man- Limb- Butt-  Animal- 
made break r o t  made
Ben Hur na tura l  c a v i t i e s 0 88.4 0 12
Ben Hur large  boxes 100 0 0 0
Ben Hur medium boxes 100 0 0 0
Ben Hur small boxes 100 0 0 0
Ben Hur la rge  boxes -  uncut 100 0 0 0
Ben Hur boxes - c a v i t i e s 50 37 7 7
Durango natura l  c a v i t i e s 0 80 13 6
Durango la rge  boxes 100 0 0 0
Durango medium boxes 100 0 0 0
Durango small boxes 100 0 0 0
Donohoe na tura l  c a v i t i e s 0 51 11 38
Donohoe la rge  boxes 100 0 0 0
Donohoe medium boxes 100 0 0 0
Donohoe small boxes 100 0 0 0
Table 30. Percent  frequency of cavi ty  entrance o r ien ta t io n  a t  the three  study a reas ,
January 1977 to  February 1979.
Plot   Aspect
Ben Hur natural  c a v i t i e s 6 7 17 7 20 16 17 10
Ben Hur large boxes 17 57 0 0 0 0 0 27
Ben Hur medium boxes 33 53 10 0 0 0 0 3
Ben Hur small boxes 52 24 0 0 0 3 0 23
Ben Hur large boxes - uncut 40 23 3 0 3 0 10 20
Ben Hur boxes -  c a v i t i e s 17 7 10 3 17 10 10 27
Durango natura l  c a v i t i e s 30 5 23 9 19 5 5 5
Durango large boxes 0 84 13 3 0 0 0 0
Durango medium boxes 0 56 33 11 0 0 0 0
Durango small boxes 0 70 30 0 0 0 0 0
Table 30. Continued.
N NE E SE S SW W NW
Table 30. Continued.
Plot Aspect
N NE E SE S SW V) NW
Donohoe natural  c av i t i e s 11 11 11 11 14 7 27 7
Donohoe large boxes 0 40 60 0 0 0 0 0
Donohoe medium boxes 10 40 0 40 10 0 0 0
Donohoe small boxes 0 0 70 20 10 0 0 0
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considered in comparisons, then frequency o f  l i a n a s  on c a v i t y - t r e e s ,  
h e ig h t  o f  the  lowest l i v e  branch, frequency o f  f o r k s ,  and number 
of  t r e e s  surrounding the  c a v i t y - t r e e  were not  d i f f e r e n t  among p lo t s  
{p > 0 . 0 5 ) .  Dif ferences  in a l l  o th e r  c h a r a c t e r i s t i c s  among p lo t s  
w i th in  h a b i t a t s  and among h a b i t a t s  could p a r t i a l l y  exp la in  d i f f e r e n c e s  
in use of  n e s t  boxes and na tu ra l  c a v i t i e s  by w i l d l i f e .  The importance 
of  c av i ty  c h a r a c t e r i s t i c s  to  cav i ty -dependent  w i l d l i f e  spec ies  can 
only be eva lua ted  in l i g h t  of  c h a r a c t e r i s t i c s  p re fe r r e d  by each 
sp e c ie s .  Retention o f  the  most s u i t a b l e  c a v i t i e s  {both n e s t  boxes 
and na tu ra l  c a v i t i e s )  f o r  a t a r g e t  spec ies  or  f o r  a v a r i e ty  of  sp e c i e s ,  
depending upon the  manager 's  o b j e c t i v e s ,  would maximize the  p r o b a b i l i t y  
of  use of  each c av i ty  while  minimizing the  number of  c a v i ty -b e a r in g  
t r e e s  in the  s tand .
Eighty spec ie s  of  b i r d s ,  r e p re se n t in g  27 f a m i l i e s  and 7013 
in d iv id u a l s  were recorded a t  the  th re e  h a b i t a t  t y p e s ,  March 1977 to  
February 1979. The fol lowing were the  most abundant spec ies  a t  each 
p lo t :
Bird Observation
Ben Hur c o n t r o l - p lo t Ben Hur l a r q e -b o x -p lo t
common grackle  
Carolina  chickadee 
nor thern  card ina l
w h i te - th ro a te d  sparrow 
Carolina  chickadee 
nor thern  card ina l
Durango c o n t r o l - p l o t Durango la rg e -b o x -p lo t
nor thern  card ina l  
Carolina chickadee 
Carolina  wren
w h i te - th ro a te d  sparrow 
northern  ca rd ina l  
yellow-rumped warbler
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Donohoe c o n t r o l - p l o t Donohoe l a rg e -b o x -p lo t
Carol ina  chickadee 
American robin 
no r thern  pa ru la  warbler
Carolina chickadee 
northern  paru la  warbler  
nor thern  card ina l
C av i ty -nes t ing  spec ie s  comprised 22.4 t o  27.2 p e rcen t  of  the  b ird  
spec ies  and 25.0  to  44.0  percent  o f  the  in d iv id u a ls  on a l l  p lo t s  
(Table 31). Hardin and Evans (1977) rep o r te d  s im i l a r  spec ies  
composition in oak-hickory f o r e s t s .  Carolina  ch ickadees ,  Carolina  
wrens, t u f t e d  t i tm ic e  and r e d - b e l l i e d  woodpeckers were the  most 
abundant c a v i ty - n e s t e r s  on a l l  a r e a s .  These spec ies  were more 
abundant in  the  sp r ing  and summer o f  1977 than 1978 on Ben Hur l a r g e -  
b o x -p lo t ,  Durango l a r g e -b o x -p lo t  and Donohoe la rg e -b o x -p lo t  (Table 32) 
while  they  were more abundant in th e  spr ing  and summer of  1978 than 
1977 on Ben Hur c o n t r o l - p l o t  and Dor.ohoe c o n t r o l - p l o t .  They were 
eq u a l ly  abundant both y e a r s  on Durango c o n t r o l - p l o t .  In most in s tances  
th e  d e n s i t i e s  of  c a v i ty - n e s t e r s  f l u c t u a t e d  seaso n a l ly  with the  
d e n s i t i e s  o f  a l l  b i rd  sp e c ie s .  Since the  popula t ions  of  the  fo u r  most 
abundant c a v i ty - n e s t e r s  on a l l  p lo t s  were higher  in 1977 than in 197c?,
I would expect  h igher  c a v i ty  use in  1977 than in 1978 by th e se  spec ies  
and indeed t h a t  i s  what I f o u n d . . Habi tua t ion  could decrease  the  e f f e c t  
t h a t  high popu la t ions  could have on n es t  box use during  the  f i r s t  y e a r .  
The s u p e r - r e l e a s e r  theo ry  of  Hinde (1959) could exp la in  an in c re ase  in 
n e s t  box use.  Seemingly n e i th e r  cond i t ion  would apply t o  n a tu ra l  
c av i ty  use.
Nine speciec  of  small mammals which rep re sen ted  th re e  f a m i l i e s  and 
173 in d iv id u a l s  were captured  a t  th e  th ree  h a b i t a t  t y p e s ,  May 1977 to
Small' Mammal Trapping
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Table 31. Percent  composition of  avian c a v i ty - n e s t e r s  a t  the  th re e  
study a r e a s ,  March 1977 to  February 1979.
P lo t Species Ind iv id ua ls
Ben Hur con tro l 26.8 25.0
Ben Hur la rge-box 23.0 31.4
Durango con tro l 22.4 38.4
Durango large-box 26.2 27.4
Donohoe contro l 25.3 44.4
Donohoe large-box 27.2 40.4
Table 32. Individuals  observed per hour of the four most frequently  observed cavi ty-nest ing  
bird species ,  spring and summer, 1977 and 1978, Ben Hur (BH), Durango (DR) and Donohoe (CN).
Plot Year Species







t i tm ice
Carolina
wrens
BHCa 77 0.52 0.78 0.38 0.25 1.9 5.9
78 0.27 0.62 0.28 0.57 1.7 7.5
BHLBb 77 0.47 1.39 0.46 0.98 3.3 12.9
78 0.23 0.86 0.75 0.75 2.6 9.0
DRC 77 0.94 1.59 0.41 0.88 2.8 11.8
78 0.76 1.00 0.76 1.00 3.6 11.9
DRLB 77 0.12 0.88 0.94 0.76 2.7 11.0
78 0.06 0.18 0.41 1.06 1.5 6.6
DNC 77 0.68 1.11 0.36 0.47 3.5 7.6













t i tm ice
Carolina
wrens
DNLB 77 0.58 0.79 0.58 0.47 2.4 8.5
78 0.37 0.47 0.37 0.53 1.7 5.6
Average 77 0.55 1.09 0.51 0.64 2.6 9.6
78 0.31 0.73 0.49 0.74 2.2 8.2
ac = control 
t*LB = large box
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February 1979. Cotton mice comprised 75 percent  of a l l  cap tures .  
White-footed mice* golden mice and eas te rn  woodrats were the  only o ther  
a rboreal  species  captured.  Captures of these  species  were h ighes t  a t  
Donohoe and h ighes t  in the winter  and e a r ly  spr ing.  Higher cav i ty  use 
could be expected a t  Donohoe than a t  Ben Hur or Durango unless high 
water  forced ind iv idua ls  to  f ind  refuge in c a v i t i e s .  Since captures  
were lowest in the  summer* lowest cav i ty  use by small mammals should 
occur in the summer.
A c t iv i ty  Counters
Although more boxes than na tura l  c a v i t i e s  were used during each 
four  week sampling period by v e r t e b r a t e s ,  the  average amount of 
a c t i v i t y  a t  c a v i t i e s  on Ben Hur c o n t r o l - p lo t  was not d i f f e r e n t  from 
t h a t  on Ben Hur la rge -b o x -p lo t  (p >-0.05) (x = 2.9 v i s i t s  per 
cav i ty  per week; SE = 0 .26) .  A c t iv i ty  a t  boxes and na tura l  c a v i t i e s  
was seasonal .  Boxes were used more f requ en t ly  in June 1977, October 
1977, May 1978 and February 1979 (see d iscussion  of  cav i ty  use by 
v e r t e b r a t e s ) .  A c t iv i ty  a t  boxes in October was low; r e s id e n t  
v e r t e b ra te s  were probably s t i l l  h ab i tu a t ing  to  counter  mechanisms 
(Figure 16). A c t iv i ty  a t  boxes in May 1978 and February 1979 was a lso  
low, in d ic a t in g  t h a t  although many boxes were being used, no box was 
being used c o n s i s t e n t ly .  Periods of  high a c t i v i t y  a t  boxes were 
a ssoc ia ted  with a small number of boxes used, i . e .  a few boxes were 
used heavi ly .
Natural c a v i t i e s  were used most f requen t ly  from October 1977 to  
April 1978 and from August 1978 to  January 1979 (see d iscussion  of 
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Figure 16. Mean weekly entrances and ex i t s  by vertebra tes  from natural  c av i t i e s  and from nest  boxes, 
Ben Hur, October 1977 to  February 1979.
I l l
h ig h es t  from mid-December 1977 to  e a r ly  March 1978 and in September 
and November 1978 (Figure 16). Natural c a v i t i e s  were used c o n s i s t e n t l y  
when they  were used.
Nest Box and Natural Cavity Use 
There were 4,136 n a tu ra l  c a v i t i e s  checked and 6,712 n e s t  boxes 
checked from January 1977 to  February 1979. Use by some animal ,  
whether v e r t e b r a t e  or i n v e r t e b r a t e ,  was recorded in 21.8 p e rcen t  of 
the  na tu ra l  c a v i t i e s  checked and in 70.8 pe rcen t  of  the  n e s t  boxes 
checked. Nest boxes were used more f r e q u e n t ly  on a l l  p lo t s  than were 
na tu ra l  c a v i t i e s  (p < 0 . 0 5 )  (Table 33).  Peak c a v i ty  use occurred in 
the  summer of  1978 (Table 34). Minimum use was recorded in the  spring 
both y e a r s .  Low i n i t i a l  use was probably due to  lack  of h a b i tu a t io n  
to boxes by most s p e c ie s .  Nest boxes may a c t  as s u p e r - r e l e a s e r s  
which e l i c i t  more use than na tu ra l  c a v i t i e s  (Hinde 1959).
I n v e r t e b ra te s  I n v e r t e b ra te s  occurred in  13.0 pe rcen t  o f  th e  na tu ra l  
c a v i t i e s  checked and in 56.5 p e rcen t  of  the  n e s t  boxes checked. 
I n v e r t e b ra te s  occurred more f r e q u e n t ly  in n e s t  boxes and n a tu ra l  
c a v i t i e s  than did  v e r t e b r a t e s .  I n v e r t e b ra te s  were found more 
f r e q u e n t ly  in n e s t  boxes than in n a tu ra l  c a v i t i e s  in  a l l  t h r e e  h a b i t a t  
types (p < 0 . 0 5 )  (Table 35). The h ig h es t  frequency o f  occurrence of 
in v e r t e b r a te s  was a t  Durango l a rg e - b o x -p lo t  ( p < 0 . 0 5 )  (Table 35).
Peak c av i ty  use occurred in the  l a t e  sp r ing  of  1978. Lowest c av i ty  
use occurred in l a t e  sp r ing  1977 (p < 0 . 0 5 )  (Table 36). Low use 
during  the  sp r ing  o r  1977 was probably due to  lack of  h a b i tu a t io n  
to  n e s t  boxes and/or  lack  of  encounter  of  n e s t  boxes. Other periods
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Table 33, Evaluat ion o f  c a v i ty  use by i n v e r t e b r a te s  and v e r t e b r a t e s
a t  th e  th re e  study a r e a s ,  April 1977 to  February 1979
{means with  d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Frequency of 
occurrence {%)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 1780 23.0 E
Ben Hur la rg e  boxes 715 69.7 B
Ben Hur medium boxes 671 71.7 B
Ben Hur small boxes 677 69.7 B
Ben Hur la rg e  boxes - uncut 646 77.7 A
Ben Hur boxes -  c a v i t i e s 721 51.3 D
Durango n a tu ra l  c a v i t i e s 1032 22.5 E
Durango la rg e  boxes 675 76.9 A
Durango medium boxes 223 79.4 A
Durango small boxes 222 73.9 A B
Donohoe n a tu ra l  c a v i t i e s 821 20.1 E
Donohoe la r g e  boxes 710 63.5 C
Donohoe medium boxes 241 72.2 A B
Donohoe small boxes 233 72.5 A B
aF = 35.047/0.171 with 13 and 9060 df .
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Table 34. Evaluat ion of  seasonal c a v i ty  use by in v e r t e b r a t e s  and 
v e r t e b r a t e s ,  Ben Hur, Durango and Donohoe,
April  1977 to  February 1979 
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a











































Month N Frequency of 
occurrence {%)
Grouping
19 403 53.1 C
20 402 54.1 C
21 405 55.6 B C
22 401 53.1 C
23 Jan/Feb 409 41.5 D
a F = 4.798/0.171 with 22 and 9060 d f .
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Table 35. Evaluat ion of  c av i ty  use by in v e r t e b r a te s  a t  th e  th re e
study a r e a s ,  April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
P lo t N Frequency of  
occurrence {%)
Grouping
Ben Hur na tu ra l  c a v i t i e s 1780 15.4 F
Ben Hur l a rg e  boxes 715 53.4 D
Ben Hur medium boxes 671 55.7 C D
Ben Hur small boxes 677 54.9 D
Ben Hur l a rg e  boxes - uncut 646 63.9 B ■
Ben Hur boxes - c a v i t i e s 721 40.7 E
Durango na tu ra l  c a v i t i e s 1032 15.4 F
Durango la rg e  boxes 675 69.2 A
Durango medium boxes 223 62.3 B C
Durango small boxes 222 58.6 B C D
Donohoe na tu ra l  c a v i t i e s 821 8.3 G
Donohoe la rg e  boxes 710 52.4 D
Donohoe medium boxes 241 58.5 B C D
Donohoe small boxes 233 59.2 B C D
a F = 28.158/0.165 with 13 and 9060 d f .
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Table 36. Evaluation of seasonal c av i ty  use by in v e r t e b r a te s ,  Ben
Hur, Durango and Donohoe, April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) . a
Sample Month N Frequency of  Grouping
Period occurrence (%)
1 Apr/May 412 9.7
2 412 7.9
3 411 23.0
4 411 42.8 D E F
5 412 47.3 C D
6 409 48.9 C D
7 400 43.5 D E F
8 403 43.3 D E F
9 409 43.7 D E
10 Dec/Jan 403 39.4 E F
11 401 37.3 E F
12 410 40.3 E F
13 410 38.7 E F
14 408 55.4 A B
15 412 59.7 A
16 410 55.1 A B
17 403 55,5 A B
18 411 53.2 B C
19 403 48.1 C D






Month N Frequency o f  
occurrence {%)
Grouping
21 405 43.2 D E F
22 401 36.5 F
23 Jan/Feb 409 28.0 G
aF = 6 .021/0 .165 with 22 and 9060 d f .
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of  low cav i ty  use by in v e r teb ra te s  were in the  w in ter  months both 
y ea rs .
The most f requen t ly  occurring in v e r teb ra te s  in nes t  boxes were 
sp ide rs  (Araneida) , wood roaches,  st inkbugs (Nezara s p p . ) ,  red wasps 
( P o l i s t e s  spp.)  and ants  (Formicidae). Sna i ls  (Vallonia s p p . ) ,  
s lugs (Limax s p p . ) ,  sp iders  and carpen te r  an ts  (Camponotus spp .)  
occurred most f req u en t ly  in na tu ra l  c a v i t i e s .  Wasps, bees and sp iders  
have been found in n e s t  boxes and na tura l  c a v i t i e s  in previous s tu d ie s  
(Klein 1955, Flyger and Cooper 1967, Allen 1952, Hawkins and Bellrose  
1940, McAtee 1929, 1931).
Insec ts  are  of ten  highly s e l e c t i v e  of nes t ing  s i t e s  (Smith 1966: 
498). Some a r th ropods ,  such as pselaphid b e e t le s  (Pselaphidae:  
Coleoptera) ,  are  only found in t r e e - h o le  h a b i t a t s  (Hickman e t  a l . 
1974:880). Removal of na tura l  c a v i t i e s  in a s tand would remove the 
h a b i t a t  necessary f o r  the  ex is tence  of  those  in v e r teb ra te s  which p re fe r  
na tura l  c a v i t i e s  reducing t h e i r  populat ions and perhaps reducing the 
populat ions of t h e i r  p reda to rs .  Maintainence o f  some na tura l  c a v i t i e s  
in a stand may be necessary to  provide h a b i t a t  fo r  in v e r teb ra te s  which 
could be important  food sources f o r  o ther  c a v i ty -  and non-cavity  using 
w i l d l i f e  such as carpen te r  an ts  f o r  p i l e a te d  woodpeckers (Conner e t  
a l .  1975).
A g re a te r  v a r i e ty  of  in v e r teb ra te s  was found in nes t  boxes (39 
taxa)  than in na tura l  c a v i t i e s  (28 tax a ) .  Insec t ivores  may bene f i t  
from such an increased food base.
Ver tebra tes  Ver tebra tes  occurred in 22.5 percen t  of  the  6,712 nes t  
boxes checked and 9.5 percent  of  the  4,136 na tura l  c a v i t i e s  checked
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(Table 37). Use of n e s t  boxes by v e r te b ra te s  was higher than use of 
na tura l  c a v i t i e s ,  except those  na tura l  c a v i t i e s  a t  Donohoe c o n t ro l -  
p lo t  (p <  0.05) (Table 38). Peak v e r t e b ra te  use occurred in the f a l l ,  
minimum v e r t e b ra te  use occurred in the  summer (Table 39).
Amphibians Three species  o f  Hylidae occurred in nes t  boxes and/or 
na tura l  c a v i t i e s ;  sq u i r r e l  t r e e f r o g s ,  green t r e e f r o g s ,  and gray t r e e -  
frogs .  Nest boxes were used more f req u en t ly  than natura l  c a v i t i e s  
except a t  a l l  Donohoe p lo ts  and a t  Ben Hur box-natural  c a v i ty - p lo t  
(p < 0 . 0 5 ) .  Gray t r e e f ro g s  were found more f requen t ly  than sq u i r re l  
t r e e f ro g s  or green t r e e f ro g s  in both boxes and na tura l  c a v i t i e s .
Conant (1975:323) ind ica ted  t h a t  gray t r e e f ro g s  are  f requen t ly  found 
foraging in the  crowns of low t r e e s  but he did not  r e p o r t  t h i s  behavior 
fo r  sq u i r r e l  t r e e f ro g s  or green t r e e f r o g s .  Gray t r e e f ro g s  apparent ly  
climb to  about 6 m more f requ en t ly  than do sq u i r r e l  t r e e f ro g s  or 
green t r e e f r o g s ,  or  gray t r e e f ro g s  may be more abundant than sq u i r re l  
t r e e f ro g s  or green t r e e f ro g s .
Peak occurrence of  amphibians in c a v i t i e s  was in the  l a t e  summer 
and e a r ly  f a l l .  Minimum use occurred during the sp r ing .  Most t r e e -  
frogs breed from March to  August (Conant 1975:320-323). Treefrogs 
r e tu rn  to  water to  breed and lay eggs, so arboreal  ex is tence  during 
t h i s  time would be reduced. Goin (1958) repor ted  s im i la r  f ind ings  
in F lor ida .  Several authors  discussed the breeding behavior o f  green, 
gray and sq u i r re l  t r e e f r o g s ,  but l i t t l e  i s  known about t h e i r  w in ter  
hab i ts  (Einem and Ober 1956, Smith 1961b, Bra tts t rom 1963). Einem 
and Ober (1956) described "h iberna t ing  niches" in the  a x i l s  of 
bromeliad leaves in F lo r ida .  These niches r e t a in  water  which i s
Table 37. Percent frequency of  cav i ty  use by ve r tebra tes  a t  the  three  study a reas ,


























































Amphibians 0.3 7.0 4.2 3.6 6.2 1.4 0.9 2.7 4.1 2.6 0.6 0.0 0.4 1.3
Squirre l  t r ee f rog 0.0 1.4 0,7 0.4 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Green t ree f rog 0.0 1.4 1.1 0.5 0.4 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Gray t ree f rog 0.3 1.9 2.0 2.5 4.0 1.4 0.7 2.6 4.1 2.6 0.6 0.0 0.4 1.3
Unidentif ied Hylidae 0.0 1.7 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Reptiles 1.0 4.6 2.5 2.3 3.3 1.6 1.0 0.9 1.8 1.9 0.5 0.2 0.0 0.7
Green anole 0.3 0.5 0.4 0.5 1.7 0.9 0.0 0.2 0.7 0.4 0.0 0.0 0.0 0.0
Five-l ined skink 0.4 2.9 1.6 1.8 1.3 0.7 0.2 0.1 0.0 0.0 0.3 0.2 0.0 0.0
Broad-headed skink 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.2 0.0 0.0 0.0
Texas r a t  snake 0.1 0.9 0.4 0.0 0.3 0.0 0.8 0.5 1.1 1.5 0.0 0.0 0.0 0.7
Birds 0.9 6.6 10.4 11.0 3.8 2.3 2.3 6.4 12.3 14.1 1.0 2.7 2.6 1.5











Screech owl 0.0 0.0 0.0 0.0 0.9
Barred owl 0.0 0.0 0.0 0.0 0.0
Common f l i c k e r 0.0 0.0 2.7 0.0 0.8
Red-bellied woodpecker 0.4 0.3 0.4 2.1 0.0
Red-headed woodpecker 0.1 0.0 0.0 0.0 0.0
Hairy woodpecker 0.1 0.0 0.0 0.0 0.0
Great crested 
f lyca tcher 0.0 0.0 0.0 0.3 0.0
Carolina chickadee 0.1 0.0 0.0 0.0 0.0
Tufted titmouse 0.0 0.0 0.0 0.0 0.0
White-breasted
nuthatch 0.0 0.0 0.0 0.0 0.0
Carolina wren 0.0 0.4 0.5 0.1 0.9
Prothonotary warbler 0.0 0.0 0.0 0.3 0.0
JC V- -r-J i— E C
CJ  CTl  CO CQ CQ CD CQ CO
c q o _j s : o o c _3 _j e : c q  z c c c c c a L a z s z z z . ^ . ^  
c q q o o q o q o o
0.2 0.1 1.2 1.9 0.0 0.0 1.7 0.0 0.4
0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 0.1 0.2 4.1 2.6 0.0 0.0 0.7 0.0
0.0 0.3 0.0 0.0 0.4 0.3 0.0 0.7 0.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.7
0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
0.0 0.3 1.1 0.0 1.1 0.0 0.0 0.4 0.0











































Unidentif ied birds 0.4 5.2 6.5 8.5 0.9 2 .0 1.5 3.9 6.3 8.5 0 .6 0 .8 0 .0 0 .0
Mammals 3.4 8 .8 9.1 7.1 11.1 5.8 3.9 7.9 8 .6 1.4 11.0 9.1 12.6 12.6
Virginia opossum 0.1 0.7 1.5 0.3 4.5 1.4 0 .0 0.5 5.3 0 .0 0 .0 0 .0 0 .0 0 .0
Gray squ ir re l 0.4 3.1 1.3 2 .6 0 .8 0.1 0.3 0 .0 0 .0 0 .0 4.2 2.4 2 .2 0.4
Fox squ ir re l 0 .0 0.1 1.9 0.3 0 .6 0.1 1 .0 2 .6 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
Southern f ly ing  
squ ir re l 0.3 0.3 1.5 2.2 1 .2 0 .2 0 .2 0 .6 0 .0 0.7 0.3 2.7 6.3 8.5
Golden mouse 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0.1 0 .0 0 .0
Eastern woodrat 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0.5 0 .0 0 .0
Unidentif ied rodent 2.4 2.7 0 .6 0 .0 1 .6 0 .6 0.5 4.1 0 .0 0 .0 1.3 2 .0 1.5 0 .0
Unidentif ied mammal 2 .2 1.9 2.3 1.7 2.7 2.9 2 .8 1.7 0.7 0.7 5.2 3.2 2 .6 3.7
aBHC = Ben Hur natural  c a v i t i e s  
^BHLB -  Ben Hur large boxes 
CBHMB = Ben Hur medium boxes
Table 37. Continued.
^BHSB = Ben Hur small boxes
eBHLBUC = Ben Hur large  boxes -  uncut
f BHBC -  Ben Hur boxes -  natural  c a v i t i e s
9DRC = Durango natural  c av i t i e s
^DRLB = Durango large boxes
iDRMB = Durango medium boxes
ODRSB = Durango small boxes
kDNC -  Donohoe natural  c a v i t i e s
^DNLB = Donohoe large  boxes
mDNMB - Donohoe medium boxes
nDNSB = Donohoe small boxes
roco
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Table 38. Evaluat ion of c a v i ty  use by v e r t e b r a t e s  a t  the  t h r e e
study a r e a s ,  April  1977 to  February 1979
{means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t ,  p < 0 .0 5 ) .
P lo t N Frequency of 
occurrence (%)
Grouping
Ben Hur na tu ra l  c a v i t i e s 1780 8.2 F
Ben Hur la rg e  boxes 715 27.6 A
Ben Hur medium boxes 671 26.2 A
Ben Hur small boxes 677 25.7 A B
Ben Hur la rg e  boxes -  uncut 646 25.4 A B
Ben Hur boxes -  c a v i t i e s 721 15.1 D E
Durango n a tu ra l  c a v i t i e s 1032 7.6 F
Durango la rg e  boxes 675 21.0 B C
Durango medium boxes 223 26.0 A B
Durango small boxes 222 24.3 A B C
Donohoe na tu ra l  c a v i t i e s 821 12.5 E
Donohoe la rg e  boxes 710 15.6 D E
Donohoe medium boxes 241 17.4 C D E
Donohoe small boxes 233 18.9 B C D
a F = 3 .231/0 .130 with 13 and 9060 d f .
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Table 39. Evaluat ion o f  seasonal c a v i ty  use by v e r t e b r a t e s ,  Ben
Hur, Durango and Donohoe, April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
Sample Month N Frequency o f  Grouping
Period occurrence {%)
1 Apr/May 412 11.9 E F
2 412 12.7 D E F
3 411 13.0 D E F
4 411 14.1 C D E F
5 412 10.7 E F
6 409 15.3 C D E F
7 400 16.7 B C D E
8 403 22.9 A B
9 409 21.9 A B
10 Dec/Jan 403 23.7 A
11 401 23.8 A
12 410 22.6 A B
13 410 22.8 A B
14 408 18.3 A B C D
15 412 10.7 E F
16 410 9.0 F
17 403 12.5 D E F
18 411 14.8 C D E F
19 403 17.9 A B C D






Month N Frequency o f  
occurrence (%)
Grouping
21 405 18.3 A B C D
22 401 23.9 A
23 Jan/Feb 409 19.9 A B C
a F = 1 .066/1 .30  with 22 and 9060 d f .
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apparen t ly  needed fo r  ' 'h ibernat ing" t r e e f r o g s .  I found one gray 
t r e e f ro g  and one green t r e e f ro g  sharing the same na tura l  cav i ty  a t  
Durango c o n t r o l - p l o t ,  October 1978. The c av i ty  contained some water ,  
and the  two t r e e f ro g s  were huddled to g e th e r  in the  f a r t h e s t  reaches 
of the  cav i ty .  No one has prev ious ly  described i n t e r s p e c i f i c  sharing 
of  c a v i t i e s  by t r e e f ro g s .  Treefrogs in boxes were f req u en t ly  found 
between the top and the  s ide  of the  box or in a corner o f  the  box.
Goin (1958) described s im i la r  behavior by sq u i r r e l  t r e e f ro g s .
Treefrogs may p re fe r  nes t  boxes to  na tura l  c a v i t i e s  because nes t  
boxes make a b e t t e r  thermo-hydro preferendum or to  e x p lo i t  an arthropod 
food source.  Goin (1958) repor ted  th a t  sq u i r r e l  t r e e f ro g s  p re fe r  
a r t i f i c i a l  r e s t in g  p laces .  This behavior apparen t ly  a lso  app l ies  to  
gray t r e e f ro g s  and to  a l e s s e r  e x te n t ,  green t r e e f ro g s .
Repti les  Six species  o f  r e p t i l e s ,  r ep resen t ing  th ree  fam i l ie s  
and four  genera were found in boxes and na tura l  c a v i t i e s  on 13 of the 
14 p l o t s ,  January 1977 to  February 1979 (Table 37).  Repti les  were 
found more f r eq u en t ly  in c a v i t i e s  in bottomland h a b i t a t s  than in 
upland h a b i t a t s .  Boxes a t  Ben Hur l a rg e -b o x -p lo t ,  Ben Hur large-box-  
u ncu t-p lo t  and Ben Hur medium-box-plot were used more f requen t ly  
than na tura l  c a v i t i e s  (p <  0-05) (Table 40). Peak c av i ty  use by 
r e p t i l e s  occurred in l a t e  summer and f a l l .  Lowest use occurred in the 
w in te r .  Rep t i les  become l e s s  a c t iv e  as temperatures decl ine  
(Brat ts t rom 1965).
Texas r a t  snake Rat snakes a re  the  s in g le  most important cause 
of  wood duck nes t  loss  in Louisiana (Smith 1961a). I found a Texas r a t  
snake destroying  a wood duck nes t  a t  Ben Hur l a rg e -b o x -p lo t ,
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Table 40. Evaluation o f  c a v i ty  use by r e p t i l e s  a t  the  th re e  study
a re a s ,  April  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) . a
Plo t N Frequency of  
occurrence {%)
Grouping
Ben Hur n a tu ra l  c a v i t i e s 1780 1.1 E
Ben Hur l a rg e  boxes 715 5.0 A
Ben Hur medium boxes 671 2.7 B C
Ben Hur small boxes 677 2.5 B C D
Ben Hur l a rg e  boxes -  uncut 646 3.7 A B
Ben Hur boxes - c a v i t i e s 721 1.8 C D E
Durango n a tu ra l  c a v i t i e s 1032 1.2 D E
Durango l a rg e  boxes 675 1.2 C D E
Durango medium boxes 223 1.8 C D E
Durango small boxes 222 2.3 C D E
Donohoe na tu ra l  c a v i t i e s 821 0.6 E
Donohoe la rg e  boxes 710 0.3 E
Donohoe medium boxes 241 0.0 E
Donohoe small boxes 233 0.9 E
a F = 0.0808/0.165 with 13 and 9060 d f .
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5 April  1978. This spec ies  may a l s o  be an important  p red a to r  on o th e r  
c a v i ty - n e s t i n g  w i l d l i f e .  They were found in  n e s t  boxes and na tu ra l  
c a v i t i e s  on nine o f  the  14 p l o t s .  Texas r a t  snakes were found more 
f r e q u e n t ly  in c a v i t i e s  in bottomland p lo t s  than in upland p l o t s .
Maximum c a v i ty  use occurred in  th e  summer. L i t t l e  w in te r  use of 
c a v i t i e s  was noted. Davis (1978) repor ted  f requen t  sp r ing  and summer 
occurrence of black r a t  snakes in wood duck boxes in north  Louisiana. 
Use of  n e s t  boxes by r a t  snakes was a l s o  repor ted  by Barkalow and 
Soots (1965) and Bolen (1967).
Rat snakes were f r e q u e n t ly  observed a t  the  en trances  o f  na tu ra l  
c a v i t i e s  or  on top o f  n e s t  boxes in the  e a r ly  morning - presumably 
sunning. Only once were two r a t  snakes found sha r ing  the  same c a v i ty ,  
and th e se  appeared to  be breeding (Durango l a r g e - b o x - p lo t ,  28 April 
1978).
Rough green snake One rough green snake was observed in a na tu ra l  
c av i ty  10.6 m high in a w a te r lo c u s t ,  Durango c o n t r o l - p l o t ,  22 Ju ly  
1978. Although Conant (1975:184) repor ted  rough green snakes e x c e l l e n t  
c l im bers ,  the  l i t e r a t u r e  provides no record  o f  t h i s  sp ec ie s  occurr ing  
in n a tu ra l  c a v i t i e s .
Green anole  Green anoles  occurred in  boxes and na tu ra l  c a v i t i e s  
on nine o f  th e  14 p l o t s .  Green anoles  were found e x c lu s iv e ly  in 
c a v i t i e s  in bottomland p l o t s ,  and most f r e q u e n t ly  a t  Ben Hur l a r g e -  
box-p lo t .  Frequency of  l i z a r d  occurrence may have been underes t im ated ,  
s ince  a l l  fo u r  sp ec ie s  were observed shar ing  boxes with wasps. Nest 
boxes and na tu ra l  c a v i t i e s  were a l s o  shared by l i z a r d s  with a v a r i e ty  
of  i n v e r t e b r a t e s ,  gray t r e e f r o g s ,  Carol ina  wrens, gray s q u i r r e l s  and
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fox s q u i r r e l s .
Scincidae Three sp ec ies  of skinks were found in boxes and 
n a tu ra l  c a v i t i e s  on ten  o f  the  14 p l o t s .  Although Smith (1961b) 
considered  broad-headed skinks more a rborea l  than f i v e - l i n e d  or 
sou th e as te rn  f i v e - l i n e d  sk in k s ,  the  l a t t e r  two spec ies  were more 
f r e q u e n t ly  found in ne s t  boxes and na tu ra l  c a v i t i e s  than were broad­
headed sk inks .  Both f i v e - l i n e d  and so u th eas te rn  f i v e - l i n e d  skinks were 
cap tured  on occasion and i d e n t i f i e d  by m id-ventra l  s c a le  arrangement 
and s i z e  of  th e  p o s t - l a b i a l s  (Conant 1975). Both sp ec ie s  were 
considered  to g e th e r  in a n a l y s i s ,  s ince  cap tu re  and p o s i t i v e  i d e n t i f i c a ­
t i o n  of  most in d iv id u a ls  was n e a r ly  impossib le .  Nest boxes may prove 
usefu l  in f u r t h e r  s tu d ie s  of  these  sp e c ie s .  F ive - l in ed  skinks occurred 
most f r e q u e n t ly  a t  Ben Hur l a r g e -b o x -p lo t  (p < 0 . 0 5 )  and l e a s t  
f r e q u e n t ly  a t  th e  Durango and Donohoe p l o t s .  Peak occurrence of  f i v e -  
l in e d  skinks was recorded in  August 1978 (p < 0 . 0 5 ) .  In f requen t  use 
of  c a v i t i e s  by skinks was noted in the  w in te r .
Skinks were f req u e n t ly  observed sunning on top of  a box or  a t  the  
en t rance  of  a c av i ty  during warm w eathe r ,  but when ambient tempera ture  
f e l l  below about 10°C they  were found most f r e q u e n t ly  in co rners  or 
cracks in boxes or  n a tu ra l  c a v i t i e s .  They may use c a v i t i e s  t o  seek 
a thermo-hydro preferendum or t o  e x p l o i t  an a r thropod food s to ra g e .
Birds Bird use was found in 8.1 percen t  of  the  6,712 n e s t  boxes 
checked and 1 .4  percen t  of the  4,136 n a tu ra l  c a v i t i e s  checked. Birds 
occurred most f r e q u e n t ly  in small boxes and medium boxes a t  Durango 
and Ben Hur (p < 0 . 0 5 )  (Table 41).  Cavity dimensions desc r ibed  by
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Table 41. Evaluation of cav i ty  use by b i rds  a t  the  th re e  study a re a s ,
April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) . a
Plot N Frequency of 
occurrence (%)
Grouping
Ben Hur natura l  c a v i t i e s 1780 1.1 F
Ben Hur la rg e  boxes 715 7 .4 D
Ben Hur medium boxes 671 11.2 C
Ben Hur small boxes 677 12.6 B C
Ben Hur la rg e  boxes - uncut 646 4.5 E
Ben Hur boxes - c a v i t i e s 721 4.7 E
Durango na tu ra l  c a v i t i e s 1032 1.9 F
Durango la rge  boxes 675 7.7 D
Durango medium boxes 223 15.2 A B
Durango small boxes 222 17.1 A
Donohoe na tura l  c a v i t i e s 821 1.1 F
Donohoe la rge  boxes 710 2.8 E F
Donohoe medium boxes 241 2.9 E F
Donohoe small boxes 233 3.0 E F
aF = 1.252/0.044 with 13 and 9060 df.
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Kalmbach and McAtee (1942), Davison (1965) and Hardin and Evans (1977) 
i n d ic a t e  t h a t  a l l  c a v i ty - n e s t in g  b i rd s  except  wood ducks and barred  
owls should p r e f e r  sm al l -  and medium-sized boxes. Lowest use was 
recorded a t  a l l  Donohoe p l o t s ,  a l l  control  p l o t s  and a t  both Ben Hur
uncut p lo t s  (p < 0 . 0 5 )  (Table 41).  Peak avian c av i ty  use was in the
w in te r  ( roo s t in g )  and sp r ing  (n es t in g )  (Table 42).  Lowest use was in 
th e  l a t e  summer and f a l l  (Table 42) .  Fewer c a v i ty - n e s t i n g  b i rd  species  
and fewer in d iv id u a ls  per  ha were observed a t  Donohoe than a t  Durango 
or  Ben Hur. Low b i rd  d e n s i ty  may have r e s u l t e d  in low c av i ty  use .
Nests of  nine b i rd  spec ies  were found in 27 o f  the  4,136 na tu ra l
c a v i t i e s  checked and in 212 o f  the  6,712 boxes checked. Nesting was
most f req u en t  during March, April and May, both y e a r s .  Mowbray and 
Goertz (1972) repo r ted  s i m i l a r  r e s u l t s  f o r  north  Louis iana.
Wood duck The l i t e r a t u r e  i s  r e p l e t e  with  s tu d ie s  d esc r ib in g  the  
use of  na tu ra l  c a v i t i e s  and n e s t  boxes by wood ducks (B e l l rose  e t  a l . 
1964, Heusmann 1975, B e l l ro se  1976:174-194, Gilmer e t  a l . 1978, and 
o th e r s ) .  I found only one wood duck using a na tu ra l  c a v i ty  a t  Ben Hur 
box-natura l  c a v i t y - p l o t .  Wood ducks were found in 20 o f  the  6,712 
n e s t  boxes checked a t  Ben Hur l a r g e -b o x -p lo t  (1 .0  p e r c e n t ) ,  Ben Hur 
l a r a e -b o x -u n c u t -p lo t  (0 .3  pe rc en t )  and Ben Hur box-natura l  c a v i ty -  
p l o t  (1.3 p e rc e n t ) .  More wood ducks were found in boxes a t  Ben Hur 
l a r g e - b o x -p lo t  and Ben Hur box-natura l  c a v i t y - p l o t  than on any o th e r  
p l o t  (p < 0 . 0 5 ) .  Peak c a v i ty  use was in April  and May 1977 and March 
and April 1978. Leopold (1951) repor ted  peak wood duck n es t in g  in the  
South from l a t e  March through A p r i l .
Use of  c a v i t i e s  by wood ducks was c o r r e l a t e d  with s i t e  (p <  0.01)
Table 42. Evaluat ion o f  seasonal  c a v i ty  use by b i r d s ,  Ben Hur, Durango
and Donohoe, April 1977 to  February 1979
{means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 } .a
lample 
>eri od
Month N Frequency of  
occurrence  {%)
Grouping
1 Apr/May 412 3.9 D E F G H I J
2 412 5.3 C D E F G H
3 411 5.3 C D E F G H
4 411 6.1 A B C D E F
5 412 1.9 H I J
6 409 2.8 F G H I J
7 400 2.4 G H I J
8 403 7.4 A B C D
9 409 6.4 A B C D E
10 Dec/Jan 403 9.2 A
11 401 9.0 A B
12 410 6.7 A B C D E
13 410 7.4 A B C
14 408 9.3 A
15 412 5.6 B C D E F G
16 410 1.3 J
17 403 1.5 I J
18 411 2.3 G H I 0
19 403 5.0 C D E F G H  I
20 402 7.4 A B C
21 405 4.9
Table






Month N Frequency of  
occurrence {%)
Grouping
22 401 5.6 C D E F G H I
23 Jan/Feb 409 3.4 E F G H I J
aF = 0.281/0.044 with 22 and 9060 df .
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(85 percent  f l a t s  and s loughs) ,  l i v in g  t r e e s  (p < 0 . 0 5 ) ,  c a v i ty - t r e e  
species (p <  0 .0 5 ) ,  en trance  shape and s ize  (p < 0 . 0 1 )  (round; 
x = 12.0 x 11.6 cm; SD = 1.82 x 2 .7 3 ) ,  and d is tan ce  to  the n e a re s t  
c a v i ty - t r e e  (p <  0.05) (x = 10.8 m; SD = 4.7)  (Tables 43 and 44).
Gilmer e t  a l . (1978) found d is tance  to  water f r eq u en t ly  important 
to  cav i ty  use by wood ducks. Cav i t ies  a t  Ben Hur were an average of 
18m from water. I found c a v i t i e s  in which wood ducks occurred 
averaged 10.8 m from water. Wood ducks were se le c t in g  c a v i t i e s  near 
water.
Bellrose  e t  a l . (1964) reported  na tura l  c a v i t i e s  with entrances 
o
65 to  195 cm most f req u e n t ly  used by wood ducks, and t h a t  use
increased with decreasing entrance  s i z e .  My r e s u l t s  support  these
2
f ind ings  (Table 44). I found a mean entrance  s i z e  o f  140 cm and 
inc reas ing  use with decreasing entrance  s i z e .
Wood ducks used c a v i t i e s  which were an average o f  10.8 m from 
the n e a re s t  c a v i ty - t r e e  and inc reas ing  use with inc reas ing  d is tan ce .  
Bell rose  e t  a l . (1964) found c a v i t i e s  with volumes between 16,400
3
and 49,200 cm used most f r equ en t ly  by wood ducks. I found wood ducks 
using c a v i t i e s  with a mean volume of 44,200 cm  ̂ (SD = 22,000) ,  which 
agrees c lo se ly  with Bell r o s e ' s  e t  a l . (1964).
Screech owl Screech owls were found in 35 of  6,712 nes t  boxes 
checked and in one of  4,136 na tura l  c a v i t i e s  checked. Many authors 
have repor ted  use of wood duck boxes by screech owls (Brown and 
Bell rose  1943, Bryan 1946, Strange e t  a l . 1971, Stewart  1972, Muncy 
and Burbank 1975, Davis 1978).
Large and medium s ized  boxes were used a t  Durango, la rge  and small
Table 43. Matrix of co rre la t ion  coe f f ic ien t s  among nine cavi ty-using ver tebra tes  
and twenty-six cavi ty  c h a r a c t e r i s t i c s ,  nes t  boxes and natural c a v i t i e s ,
Ben Hur, Durango and Donohoe,
April 1977 to  February 1979.
C h arac te r is t ic  Species
Wood Screech Red-bellied Great Carolina Virginia Gray Fox Flying
duck owl woodpecker crested  wren opossum squir re l  squ i r re l  squ i r re l
________________________________________________ flyca tcher_______________________________________________
Nest presence .02 .00 -.49** .32 • o o - .39** -.13 .11 -.21*
Tree age -.02 .04 .03 .66 -.27 -.24** -.27** .38** .07
Tree dbh -.11 .11 .07 -.81* .12 -.08 -.30** -.07 -.02
Tree height .07 .22 .00 -.23 .13 -.03 -.26** -.19 - .05
Height lowest l iv e  
branch .41 .13 .03 - .06 .36 -.31** -.14 .19 .10
Tree lean from 
ve r t ica l -.41 .24 -.13 .33 -.23 .10 -.07 .08 .23*
Tree species .54* -.37* -.01 .07 .12 -.29** .08 .27 -.04
Tree forked -.07 ,00 .11 .00 .11 .14 .22 -.13 -.15
Tree dead or  a l ive -.44* .00 . .02 .00 .00 .02 -.07 .00 - .04
Percent bark on 
t r e e .00 .00 .00 .00 .00 .01 .05
Table
- .08 .00 
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C harac te r is t ic  Species
Wood Screech Red-bellied Great Carolina Virginia Gray Fox Flying
duck owl woodpecker crested wren opossum squir re l  squ i r re l  squirre l
f lyca tcher
Tree with l ianas - .13 .32* .04
Number c av i t i e s  
per t r e e .00 -.18 .11
Distance to  cavi ty-  
t r e e . 64** -.10 -.20
Distance to  water .40 -.33 -.13
Number of t rees  
per 0.02 ha .01 - .03 .00
Physiographic s i t e .62** -.33* - .14
Cavity or ig in - .24 .00 .09
Height of cavity .00 -.17 .00
Diameter a t  cavity -.07 -.06 -.02
Entrance shape .60** .00 -.02
Angle from
horizontal - .05 .26 .06
.45 .31 .01 .14 .18 .05
-.63 .15 .04 -.17* -.49** -.09
.63 .09 .02 .20* -.43** .01
-.33 .06 .26* .04 -.45** .07
- .28 .40* .01 .19* -.25 .09
.34 .09 -.04 -.04 -.05 .08
.00 .13 -.49** -.32** .00 -.09
1.0*" - .02 .07 -.16 .34* -.03
-.90** - .10 -.03 -.28** -.28 -.04
.32 .03 -.43** -.03 .11 -.02
- .63 -.09 .22 -.19** -.06 .01
Table 43. Continued.
Table 43. Continued.






Red-bellied Great Carolina Virginia 








Compass d i rec t ion .07 -.42** .16 .26 .31 -.16 - .03 .16 .01
Entrance width -.60** .00 -,10 .12 .17 -.05 - .04 -.37* -.06
Entrance height -.60** .00 -.11 .12 .16 -.14 .02 -.37* -.06
Cavity volume .22 .00 -.10 .18 .11 .28* -.07 -.38* -.06




Table 44. Mean cavity characteristics Tor selected blrc species, Ben llur, Purango and Donohoe,
April 1977 to February 1979 











Nest presence (?) 95 (2.2) 44 (5.0) 100
Tree age (years) 45.2 (29.7) 28.6 (17.2) 108
Tree dbh (cm) 29.0 (13.7) 24.4 (8.9) 61.5
Tree height (m) 16.7 (5.6) 17.6 (3.6) 22.9
Living trees (?) 95 (2.3) 100 (0) 100
Lowest branch (m) 6.4 (2.1) 6.5 (2.9) 6.7
Lean (°) 5.9 (5.9) 1.4 (3.5) 8.0
Tree forked (?) 33 (4.8) 19 (4.0) 0
Bark cover (?) 100 (0) 99 (1.2) 100
Lianas (?) 62 (5.0) 94 (5.3) 0
















20 (4.1) 13 (3.4) 0 0 25.6 (38.4)
33.7 (18.9) 43.5 (22.2) - - - — 44.9 (22.4)
24.4 (9.7) 34.8 (21.7) 76.7 51.3 35.4 (17.7)
16.8 (4.9) 18.8 (6.4) 18.3 21.9 19.0 (6.4)
100 (0) 88 (4.2) 100 0 90 (2.8)
6.7 (3.1) 8.4 (3.3) 10.0 — 7.1 (3.4)
4.6 (5.1) 2.0 (3.5) 3.0 4.0 3.2 (4.0)
16 (3.7) 23 (4.2) 0 100 28 (4.4)
91 (29.0) 94 (19.1) 100 100 96 (13,7)
86 (3.5) 65 (4.8) 100 0 70 (4.4)





























Distance to cavity-tree 
(m) 10.8 (4.7) 15.3 (7.4) 13.7 13.0 (5.9) 12.2 (5,4) 12.8 7.6 12.2 (4.8)
Distance to water 
(m) 10.8 (13.4) 27.5 (7.1) 0 20.3 (14.8) 18.2 (22.2) 0 16.8 19.7 (16.9)
Trees per 0.02 ha 5.4 (3.1) 5.0 (2.5) 8 4.4 (2.5) 4.5 (2.0) 4 3 4.2 (1.9)
Diameter at cavity 
(cm) 18.6 (7.4) 27.0 (31.7) 47.0 19.3 (18.9) 19.3 (9.3) 15.2 43.9 27.6 (20.5)
Height of cavity (m) 6.1 (0) 5.9 (0.3) 5.5 5.9 (0.3) 9.0 (4.4) 14.6 3.7 6.4 (3.3)
Height of entrance 
(cm) 12.0 (1.8) 11.9 (1.9) 31.8 8.5 (2.1) 7.0 (2.3) 7.6 122.9 11.0 (8.3)
Width of entrance 
(cm) 11.6 (2.7) 11.8 (2.1) 39.4 3.5 (0.8) 7.2 (2.9) 7,6 7.6 10.6 (5.6)
Angle of entrance 
from horizontal ( ) 89.2 (1.6) 89.7 (1.3) 75.0 09.8 (2.1) 92.1 (17.3) 120 80 86.3 (16.7)
Location in trunk (I) 100 (0) 100 (0) 100 100 (0) 86 (3.5) 0 100 94 (2.3)
Under limb (X) 14 (3.6) 33 (4.2) 0 14 (3.4) 20 (4.1) 100 0 10 (2.9)
Cavity volume (cm̂ ) 44000 (22036) 49000 (15871) 127000 19000 (12284) 1BOOO (1S277) 29000 32000 (33698)
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boxes a t  Donohoe and only la rge  boxes a t  Ben Hur. Durango la rg e -  
and medium-boxes and Donohoe large-boxes a t  Ben Hur. Durango l a rg e -  
and medium-boxes and Donohoe large-boxes were used most f req uen t ly .  
Maximum box use by screech owls was in the  w in te r  and sp r ing .  Cavity 
use by screech owls was co rre la ted  with s i t e  (p < 0 . 0 5 )  {64 percent  
f l a t s ) ,  t r e e  species  ( p < 0 . 0 5 ) ,  the  presence of l i a n a s  { p <  0 .0 5 ) ,  
and aspec t  (p <  0 .01) .
Screech owls occurred in c a v i t i e s  a t  Ben Hur and Durango on p lo ts  
c o n s i s t in g  p r im ar i ly  of f l a t s  topography. A c o r r e l a t io n  o f  screech 
owl use with physiographic f e a tu re s  should have been expected.
Screech owls used c a v i ty - t r e e  species  roughly in accordance with 
t h e i r  a v a i l a b i l i t y .  An exception was r e l a t i v e l y  high frequency of 
use of a box in a flowering dogwood a t  Donohoe la rg e -b o x -p lo t .  This 
could have been due to  chance, s ince the re  seems to  be l i t t l e  advantage 
fo r  screech owls choosing flowering dogwood as a c a v i ty - t r e e .
Lianoid cover occurred on 94 percent  of the  c a v i ty - t r e e s  used by 
screech owls. The average percent  of c a v i ty - t r e e s  with l i a n o id  cover 
on a l l  p lo ts  on which screech owls occurred was 76.6 percen t .  Screech 
owls probably se lec te d  c a v i t i e s  loca ted  in t r e e s  with l ia n as  p resen t .
No one has p revious ly  repor ted  t h i s  c o r r e l a t i o n .  Advantages of  l ia n o id  
cover a re  presented in the  discussion  o f  cav i ty  c h a r a c t e r i s t i c s .
Screech owls used c a v i t i e s  with entrances facing predominantly 
north (north to  e a s t ) .  The range of  aspects  of cav i ty  entrances used 
by screech owls was narrower than the range of aspec ts  of a l l  c av i ty  
en trances .  This aspect  p reference  was c o n s i s t e n t  over h a b i t a t  types .  
Such a preference  may be in response to  p rev a i l in g  winds or to  l i g h t  
r e l a t i o n s  within  the f o r e s t .
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Screech owls p re fe r r e d  c a v i t i e s  under limbs.  T h i r t y - th r e e  percent  
o f  th e  c a v i t i e s  used by screech  owls were loca ted  under limbs,  but  
only 10 pe rcen t  o f  a l l  c a v i t i e s  were under l imbs.
I found two a d u l t  sc reech  owls shar ing  a box on severa l  occasions .  
Brown and B e l l rose  (1943) repor ted  s i m i l a r  behavior .  Non-nesting 
screech owls used n e s t  boxes as feeding s i t e s .  Brown and Be l l rose  
(1943) and Hardin and Evans (1977) a lso  observed t h i s  behavior .
Barred owl A barred  owl nes t  was found in  the  same n a tu ra l  cav i ty  
in th re e  consecu t ive  yea rs  a t  Ben Hur box-natura l  c a v i t y - p l o t .  The 
c a v i t y - t r e e  was an American elm loca ted  a t  the  edge of  a s lough. The 
en trance  faced southwest (220°) and up a t  an angle  o f  75°. Fur ther  
q u a n t i t a t i v e  c h a r a c t e r i s t i c s  f o r  t h i s  n e s t  s i t e  a re  presented in 
Table 44.
Harrison (1975:100) repo r ted  barred  owls r e tu r n in g  to  the  same 
c a v i ty  f o r  up to  four  consecu t ive  y e a r s .  Weirer (1966), N icholls  and 
Warner (1972) and Hardin and Evans (1977) a l s o  repo r te d  barred owls 
n e s t in g  in na tu ra l  c a v i t i e s j  only Bryan (1946) found barred owls using 
n e s t  boxes.
Common f l i c k e r  Common f l i c k e r  use was found in  49 of  the  6,712 
n e s t  boxes checked and f i v e  o f  the  4,136 na tu ra l  c a v i t i e s  checked on 
e ig h t  o f  the  14 p l o t s .  Common f l i c k e r s  occurred most f r e q u e n t ly  in 
medium boxes a t  Durango (p < 0 . 0 5 ) .  Common f l i c k e r  use of Durango 
small-boxes and Ben Hur medium-boxes was g r e a t e r  than use o f  any o the r  
c a v i ty  type except  medium boxes a t  Durango (p <  0 .0 5 ) .  Common f l i c k e r s  
p re fe r r e d  medium s iz e d  boxes. The dimensions of c a v i t i e s  used by
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common f l i c k e r s  on o ther  areas support  my conclusions (Kalmbach and 
McAtee 1942, Davison 1965). Common f l i c k e r s  a lso  used p lo ts  near open 
f i e l d s  (except Ben Hur c o n t r o l - p l o t ) . Common f l i c k e r s  p re fe r  open 
woodlands and f i e l d s  (Conner and Adkisson 1976, Hardin and Evans 1977).
Cavity use by corrmon f l i c k e r s  was r e s t r i c t e d  to  the  f a l l ,  winter  
and ea r ly  sp r ing ,  and a l l  use was fo r  roos t ing .  McAtee (1940),
Dennis (1969) and Harrison (1975:109) reported  common f l i c k e r s  nes t ing  
in boxes, but they did not mention roos t ing  h a b i t s .
Sca ts ,  probably from a p i c id ,  were found in some boxes, but i f  no 
i d e n t i f i a b l e  f e a th e r s  were found, the use was a t t r i b u t e d  to  u n id e n t i ­
f i e d  b i rd s .  Consequently, the  percent  of boxes used by common 
f l i c k e r s  may have been underest imated.
No cav i ty  c h a r a c t e r i s t i c s  were co rre la ted  with use by common 
f l i c k e r s  (p >  0.05)  (Table 43). Lawrence (1967) reported  non-random 
entrance  o r i e n ta t io n  f o r  comnon f l i c k e r s .  Perhaps common f l i c k e r s  have 
l e s s  s t r i n g e n t  requirements f o r  roo s t  s i t e s  than f o r  nest  s i t e s .
Red-bel l ied  woodpeckers I found r e d - b e l l i e d  woodpecker use in 
25 of 6,712 nes t  boxes checked and 13 of 4,136 na tu ra l  c a v i t i e s  checked 
on nine of the  14 p lo t s .  Red-bel l ied woodpeckers were more f req uen t ly  
found in small boxes a t  Ben Hur than on any o ther  p lo t  (p <  0 .05) .
Use of t h i s  s iz e  c av i ty  would be expected on the  bas is  of Davison’s 
(1965) r e s u l t s .
One nes t  was found in a small box a t  Ben Hur and one in a na tura l  
c av i ty  a t  Ben Hur c o n t r o l - p lo t .  All o th e r  use appeared to  be f o r  
roos t ing  purposes, although some observed large-box use may have been 
foraging a c t i v i t y .  Maximum use occurred during l a t e  f a l l  and spr ing .
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Cavity use by r e d - b e l l i e d  woodpeckers was n eg a t iv e ly  c o r r e l a t e d  
with the  presence of  a n e s t  (p < 0 . 0 1 )  (Table 43). Red-bel l ied  
woodpeckers n e s t  and ro o s t  on wood chips t h a t  accumulate during 
excavat ion of  th e  c a v i ty ,  or  on sawdust or shavings suppl ied  in boxes 
(Jackson 1976, Harrison 1975:111). No o th e r  n e s t  m ate r ia l  i s  used.
No o th e r  c o r r e l a t i o n s  were found between c a v i ty  use by r e d - b e l l i e d  
woodpeckers and c a v i ty  c h a r a c t e r i s t i c s  (p >  0 .0 5 ) .  Cavity c h a r a c t e r ­
i s t i c s  repor ted  f o r  r e d - b e l l i e d  woodpeckers by R e l l e r  (1972),
Williams (1975) and Jackson (1976) were s i m i l a r  to  those  I observed 
(Table 44).
Nesting occurred in May and June. These da tes  agree  with those 
repo r ted  by S t ick e l  (1965), Harrison (1975:111) and Jackson (1976).
The en trance  of  many o f  the  small boxes used by r e d - b e l l i e d
woodpeckers were modified by the  occupants r e s u l t i n g  in n e a r ly  c i r c u l a r
*
e n t ra n ce s .  Apparently r e c t a n g u la r  en trances  were not  p re fe r r e d  by 
r e d - b e l l i e d  woodpeckers.
Red-headed woodpecker One red-headed woodpecker was observed 
e n te r in g  a n a tu ra l  c a v i ty  on a l imb,  Ben Hur c o n t r o l - p l o t ,  17 February 
1978. C h a r a c t e r i s t i c s  f o r  t h a t  c a v i ty  a re  presen ted  in  Table 47. 
Jackson (1976) repor ted  t h a t  red-headed woodpeckers p r e f e r  c a v i t i e s  
in limbs.  They a l s o  p r e f e r  c a v i t i e s  in t r e e s  near  or  in  open f i e l d s  
(Hardin and Evans 1977). The c a v i ty  used a t  Ben Hur was w ith in  70 m 
o f  an open f i e l d .
Hairy woodpecker One h a i ry  woodpecker was observed leaving  a 
c a v i ty  in a sweetgum snag, Ben Hur c o n t r o l - p l o t ,  13 March 1977.
Lawrence (1967) .found t h a t  91 p e rcen t  of  the  c a v i t i e s  used by ha i ry
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woodpeckers were in l i v in g  t r e e s .  The he igh t  of  the  c a v i ty  and the  
dbh of  the  snag I observed were s i m i l a r  t o  average measurements 
rep o r te d  by Ki1 ham (1968).
Great  c r e s t e d  f l y c a t c h e r  Great  c re s t e d  f l y c a t c h e r  use was found 
in s ix  nes t  box checks on th re e  p l o t s .  Nest box use by g r e a t  c re s te d  
f l y c a tc h e r s  was not  d i f f e r e n t  among a r e a s ,  but th e  sample s i z e  may 
have been too small t o  d e t e c t  a d i f f e r e n c e  (p^=-0 .05) .  Great  c re s te d  
f l y c a tc h e r s  used boxes in A p r i l ,  May and June.
Great  c re s t e d  f l y c a t c h e r  use was n e g a t iv e ly  c o r r e l a t e d  with 
c a v i t y - t r e e  dbh (p < 0 . 0 5 )  and with diameter  o f  the  c a v i t y - t r e e  a t  
the  c a v i ty  ( p < 0 . 0 5 ) .  Crested f l y c a t c h e r  use was p o s i t i v e l y  c o r r e ­
l a t e d  with c a v i ty  h e igh t  (p <  0.05) (Table 43).  C o r re la t io n  with 
c a v i ty  h e igh t  would be expected s ince  a l l  use was in boxes and a l l  
boxes were e re c te d  a t  a uniform h e ig h t  (5.5  -  6.1 m).
Graber e t  a l . (1974) rep o r ted  g r e a t  c r e s t e d  f l y c a t c h e r s  in 
I l l i n o i s  using c a v i t i e s  in t r e e s  where the  t r e e  d iameter  a t  the  c av i ty  
was 15 cm. No o th e r  au thor  suggested p re fe rence  f o r  t r e e s  of  c e r t a i n  
d iam ete rs .  I found no p re fe rence  f o r  t r e e  sp e c ie s .  Graber e t  a l .
(1974) rep o r ted  a p re fe rence  f o r  c a v i t i e s  in apple .
Four g r e a t  c re s t e d  f l y c a t c h e r  n e s t s  were found in boxes. Large,
medium and small boxes were used f o r  n e s t in g .
Carol ina  chickadee One Carolina  chickadee nested  in a na tu ra l
c a v i ty  in  a l imb,  Ben Hur c o n t r o l - p l o t ,  7 April 1977. C h a r a c t e r i s t i c s
o f  th e  c a v i ty  a r e  presen ted  in Table 45.
Carol ina  chickadees u su a l ly  excavate t h e i r  own c a v i t i e s  (Hardin
and Evans 1977). Brewer (1961) and P i t t s  (1978) p a r t i a l l y  f i l l e d  n e s t
Table 45. Mean cavi ty  c h a r a c t e r i s t i c s  fo r  se lec ted  b i rd s ,  Ben Hur, Durango and Donohoe,
April 1977 to  February 1979 
(standard devia t ions are  indicated pa re n th e t ica l ly ) .
C harac te r is t ic Great c res ted  





















Nest presence (55) 67 (5.2) 100 100 (0) 0 100 (0) 100 25.6 (38.4)
Tree age (years) 34.0 (14.8) 19.0 28 (4.4) - 26.7 (13.4) 29.0 44.9 (22.4)
Tree dbh (cm) 22.8 (6.9) 18.0 14.7 (2.7) 32.0 26.1 (10.9) 16.5 35.4 (17.7)
Tree height  (m) 19.1 (4.5) 9.8 13.2 (4.5) 21.7 16.3 (5.0) 11.6 19.0 (6.4)
Tree l iv in g  {%) 100 (0) 100 100 (0) 0 100 (0) 100 90 (2.8)
Lowest branch (m) 8.9 (2.2) 1.8 6.8 (2.8) - 6.5 (3.5) 6.7 7.1 (3.4)
Tree lean (°) 2.3 (3.4) 14.0 1.7 (2.9) 0 4.3 (8.0) 2.0 3.2 (4.0)
Tree forked (&) 0 (0) 0 0 (0) 0 40 (5.0) 0 28 (4.4)
Bark cover {%) 100 (0) 99 100 (0) 20 100 (0) 100 96 (13.7)
Lianas (%) 50 (5.6) 100 67 (5.8) 0 88 (4.2) 100 70 (4.4)
Additional
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Distance to  
c a v i ty - t r ee 18.3 (5,9) 6.1 21.9 (3.5) 12.2 12.1 (4.7) 11.6 12.2 (4.8)
Distance to 
water 25.2 (7.7) 33.6 25.4 (8.8) 91.5 21.5 (18.5) 39.7 19.7 (16.9)
Trees per 
0.02 ha 3.2 (1.5) 7.0 2.7 (1.5) 4.0 4.7 (3.5) 2.0 4.2 (1.9)
Diameter a t  
cavi ty  (cm) 18.9 (7.4) 10.2 11.6 (2.7) 15.2 20.4 (8.1) 12.4 27.6 (20.5)
Height of 
cav i ty  (m) 6.0 (0.3) 5.2 6.1 (0) 18.3 6.0 (0.7) 6.1 6.4 (3.3)
Entrance height 
(cm) 8.5 (3.5) 5.1 7.6 (0) 10.2 11.0 (2.6) 5.1 11.0 (8.3)
Entrance width 
(cm) 8.5 (3.5) 5.1 5.9 (1.5) 10.2 11.8 (3.6) 5.1 10.6 (5.6)
Angle from
horizontal  { ) 88.7 (1.0) 110 90 (0) 90 85.1 (13.4) 90 86.3 (16.7)
Table 45. Continued.
Table 45. Continued.
Characteri s t :c Great crested 



















trunk (%) 100 (0) 0 100 (0) 100 100 (0) 100 94 (2.3)
Under limb {%) 0 (0) 100 0 (0) 0 26 (4.5) 0 10 (2.9)
Cavity.volume
(cm3) 27500 (23153) 390 11000 (6812) —  42000 (21817) 7000 32000 (33698)
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boxes with sawdust and repo r ted  use by Carolina chickadees .  Odum 
(1942) repo r ted  Carolina  chickadees i n f r e q u e n t ly  ro o s t in g  in c a v i t i e s .  
P i t t s  (1978) repo r ted  no nes t  boxes used f o r  ro o s t in g .  Since I f i l l e d  
no boxes with sawdust, no or  l i t t l e  use of  boxes by Carolina  chickadees 
was expected .  P rov is ions  should be made in f u tu r e  f o r e s t  management 
p lans f o r  sawdust f i l l e d  boxes or  fo r  a su s ta ined  y i e ld  o f  s o f t  snags 
d e s i red  by Carolina  chickadees .
Tufted t i tmouse  Five nes t  boxes on th re e  p lo t s  were found used 
by t u f t e d  t i tm ic e .  All f i v e  boxes had a c t iv e  n e s t s .  Small boxes a t  
Donohoe were used more f r eq u e n t ly  than boxes on any o th e r  p l o t  
(p < 0 . 0 5 ) .  A medium box a t  Donohoe and a small box a t  Durango were 
a l s o  used by t u f t e d  t i t m i c e .  Davison (1965) repor ted  c a v i ty  dimensions 
f o r  t u f t e d  t i tmouse  n e s t s  which were s i m i l a r  in s i z e  to  small n e s t  
boxes. Boxes were used only during  April and May. These da tes  
co inc ide  with the  n e s t in g  period  descr ibed  by Mowbray and Goertz 
(1972).
Tufted t i t m ic e  popula t ions  were lower in 1978 than in  1977, but  
c a v i ty  use by t u f t e d  t i t m ic e  was h igher  in  1978 than in  1977.
The average h e ig h t  o f  boxes used by t u f t e d  t i tm ic e  (6.1 m) was 
h igher  than the  average he igh t  o f  boxes and na tu ra l  c a v i t i e s  (1 .8  m) 
repo r te d  by Laskey (1957). This i s  probably due to  a v a i l a b i l i t y  and 
not  p re fe ren ce .
Tufted t i t m ic e  s e l e c te d  boxes in  open a re a s .  An average of 2.7 
t r e e s  surrounded t u f t e d  t i tmouse  n e s t  t r e e s ,  while an average of  4 .3  
t r e e s  surrounded a l l  t r e e s  on the  p lo t s  in which t u f t e d  t i t m ic e  used 
boxes.
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I found no evidence of  n e s t  f a i l u r e .  Females were very p r o t e c t iv e  
of  c lu tch e s  and broods,  being r e l u c t a n t  to  leave  the  n e s t ,  and 
remaining in  the  v i c i n i t y  a f t e r  being dis lodged from th e  n e s t .  I 
observed wing-quiver ing behavior o f  females when the  boxes were opened. 
S im i la r  behavior  was repor ted  by Brackbi l l  (1970).
W hite-breas ted  nuthatch One w h i te -b re as te d  nuthatch  was observed 
leav ing  a woodpecker c a v i ty  in a p ine  snag, Donohoe c o n t r o l - p l o t ,
7 April 1977. I do not  know i f  t h i s  was a r o o s t  s i t e ,  a n e s t  s i t e  
or j u s t  an i n s p e c t io n ,  s ince  the  c a v i ty  was loca ted  18.3 m above 
ground and th e  snag was u ns ta b le .  The en trance  of  the  cav i ty  was 
r e c t a n g u la r  in d ic a t i n g  previous p i l e a t e d  woodpecker a c t i v i t y  a t  the  
c a v i ty  (Harrison 1975:110). Kilham (1971) found t h a t  such a c a v i ty  
was a common n e s t  or r o o s t  s i t e ,  but Kilham (1968) found t h a t  many 
n es t s  occur in na tu ra l  c a v i t i e s  o f  l i v in g  t r e e s .  The c h a r a c t e r i s t i c s  
o f  the  above c a v i ty  a re  presen ted  in Table 45. Kilham (1968) and 
Harr ison (1975:144) s t a t e d  t h a t  w h i te -b re as te d  nu tha tches  w i l l  n e s t  
in n e s t  boxes but  none used boxes in  my s tudy ,
Carolina  wren Carolina wren use was found in 27 o f  6,712 n e s t  
boxes checked and th r e e  of  4,136 n a tu ra l  c a v i t i e s  checked on e i g h t  of 
the  14 p l o t s .  Carolina  wrens occurred  in sm a l l ,  medium and la rg e  boxes 
and in two n a tu ra l  c a v i t i e s .  Several au thors  have rep o r te d  unusual 
n e s t in g  s i t e s  o f  Carolina  wrens (Harr ison 1975:150, Hardin and Evans 
1977). Peak c a v i ty  use was in  May, with use recorded from April to  
September. Mowbray and Goertz (1972) rep o r te d  peak n e s t in g  o f  Carolina 
wrens in  Louis iana in April  and May. I found more f r e q u e n t  use o f  
ne s t  boxes by Carolina  wrens in 1977 than in 1978. Bird observat ion
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data  in d ic a te d  s i m i l a r  popu la t ions  both yea rs  in  a l l  h a b i t a t  ty p es .  
Hardin and Evans (1977) repo r ted  Carol ina  wrens not  t o t a l l y  dependent 
upon c a v i t i e s  f o r  n e s t  s i t e s ,  so inc reased  use o f  boxes by o th e r  
sp ec ies  in 1978 may have discouraged use by Carol ina  wrens. Nest 
frequency a t  Durango c o n t r o l - p l o t  was s im i l a r  both y e a r s .
Cavity use by Carol ina  wrens was p o s i t i v e l y  c o r r e l a t e d  with the  
number o f  t r e e s  per  0.02 ha surrounding the  c a v i t y - t r e e  (p < 0 . 0 5 )  
(Table 43) .  Laskey (1948) and Harrison (1975:150) s t a t e d  t h a t  
Carol ina  wrens p r e f e r  dense,  brushy f o r e s t s .  My r e s u l t s  support  these  
f i n d in g s .  Twenty-six pe rcen t  of  a l l  c a v i t i e s  were lo ca te d  under limbs 
while  only 10 pe rcen t  o f  a l l  c a v i t i e s  were lo ca ted  under l imbs.
Carolina  wrens s e l e c te d  n e s t  s i t e s  under l imbs.
Cavity use by Carolina  wrens was f o r  n e s t in g  only.  Two "dumnv" 
n e s t s  were c o n s t ru c ted  (n es ts  b u i l t  but  never used) .  Dead young were 
found in two n e s t s ;  Apaulina l a rv a e  were a l s o  found in th e s e  n e s t s .  
Hicks (1959:235) rep o r te d  occurrence  o f  Apaulina l a rv a e  in  Carolina 
wren n e s t s .  Mason (1944) suggested the  removal o f  n e s t in g  m ater ia l  
w i l l  inc re ase  th e  chance o f  Apaulina p a ra s i t i s m  during th e  n es t  nes t ing  
season.  Nests should be l e f t  in some boxes a t  a l l  t imes  f o r  t h i s  
r e a s o n .
Prothonotary  w arb ler  Pro thonotary  warb ler  use was found in f i v e  
n e s t  boxes checked on two o f  the  14 p l o t s .  P ro thonotary  warblers  
occurred only in small boxes a t  Ben Hur and Durango (p < 0 . 0 5 ) .  Cavity 
dimensions presen ted  by Davison (1965) f o r  p ro thono ta ry  w arb ler  use 
are  s i m i l a r  to  th e  dimensions of  a small n e s t  box. All c a v i ty  use was 
f o r  n e s t in g .  Use occurred from May to  Ju ly .  Mowbray and Goertz (1972)
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in d ic a te d  May as th e  he igh t  o f  pro thonotary  w arb ler  n e s t in g  a c t i v i t y .  
Three a c t iv e  nes ts  were found in ne s t  boxes. C h a r a c t e r i s t i c s  o f  
c a v i t i e s  used by pro thonotary  warb lers  a re  presen ted  in Table 45.
Reed (1939),  Walkinshaw (1953) and Simpson (1969) repo r ted  pro thonotary  
warblers  n e s t in g  in c a v i t i e s  below 4 m in  h e ig h t .  All the  n e s t s  I
found were 5.5 - 6.1 m above ground. Only Griscorn and Sprout (1957:48)
and Harrison (1975:176) repo r ted  pro thonotary  warb lers  n e s t in g  above 
5.5 m. Walkinshaw (1953) found t h a t  pro thonotary  warb le rs  p r e f e r  to  
n e s t  over water .  The n es t s  I found were over l an d ,  with a mean 
d i s t a n c e  t o  water  o f  39.7 m.
U niden t i f ied  b i rd s  Anytime u n i d e n t i f i a b l e  b i rd  s c a t s  o r  f e a th e r s  
were found in  n e s t  boxes or  n a tu ra l  c a v i t i e s  use was a t t r i b u t e d  to  
u n id e n t i f i e d  b i r d s .  Most o f  t h i s  use appeared to  be from P ic id a e ,  
s ince  s c a t s  were l a r g e  and conta ined  seeds and i n s e c t  p a r t s .  Several 
boxes conta ined  small p a s se r in e  s c a t s .
Except f o r  boxes on Ben Hur l a r g e - b o x - p lo t ,  use by u n id e n t i f i e d  
b i rd s  was h ig hes t  in small and medium boxes a t  Ben Hur and Durango 
(p < 0 . 0 5 ) . '  These p l o t s  a l s o  had the  h ig h es t  o v e ra l l  b i rd  use 
(p <  0 .0 5 ) .  All c a v i ty  use by u n id e n t i f i e d  b i rd s  was f o r  r o o s t i n g ,  
feeding  o r  in sp e c t io n  p r i o r  t o  n e s t in g .  Peak c a v i ty  use by u n i d e n t i ­
f i ed  b i rd s  was in l a t e  f a l l ,  w in te r  and e a r l y  sp r in g .  Night c av i ty  
checks may have reduced the  high percentage  o f  u n id e n t i f i e d  b i rd  use.
Mammals Mammal use was found in 9.5 percen t  o f  th e  4,136 n a tu ra l
c a v i t i e s  checked and in 23.3 pe rcen t  o f  the  6,712 n e s t  boxes checked.
G enera l ly ,  mammal use was h igher  a t  Donohoe than a t  th e  o th e r  h a b i t a t  
types (Table 46).  More c o t to n  mice and w h i te - foo ted  mice were captured
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Table 46, Evaluation of cav i ty  use by mammals a t  the  th ree  study
a re as ,  April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) .a
P lo t N Frequency of 
occurrence {%)
Grouping
Ben Hur na tura l  c a v i t i e s 1780 5.9 E F
Ben Hur la rge  boxes 715 9.9 B C D
Ben Hur medium boxes 671 9.2 C D
Ben Hur small boxes 677 7.8 C D E
Ben Hur la rge  boxes - uncut 646 12.7 A B
Ben Hur boxes - c a v i t i e s 721 6.9 D E
Durango na tura l  c a v i t i e s 1032 3.8 F
Durango large  boxes 675 9.3 C D
Durango medium boxes 223 4.9 E F
Durango small boxes 222 1.8 F
Donohoe na tura l  c a v i t i e s 821 10.3 A B C
Donohoe la rge  boxes 710 12.7 A B
Donohoe medium boxes 241 14.1 A B
Donohoe small boxes 233 14.6 A
aF = 0.6499/0.1312 with 13 and 9060 df.
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a t  Donohoe than a t  Durango or Ben Hur. Mammals occurred more 
f requ en t ly  In nes t  boxes than in na tura l  c a v i t i e s .  Peak mammal use 
of c a v i t i e s  occurred during the w in te r .  Brown and B ell rose  (1943), 
Baker (1944) and Allen (1952) found box use by Virg in ia  opossums, 
gray s q u i r r e l s ,  fox s q u i r r e l s ,  and northern raccoons higher in the  
winter  than in the sp r ing .  I found frequency o f  occurrence of mammals 
in c a v i t i e s  lowest in the  summer. Moore (1947), Barkalow and Soots 
(1965), Dawson (1967) and Lowery (1974:172-187) reported  use of  l e a f  
nes ts  by s c iu r id s  during the  summer.
V irg in ia  opossum Virg in ia  opossums were found in 0.2 percen t  of  
the  4,136 na tura l  c a v i t i e s  checked and 1.2 percent  of  the  6,712 
nes t  boxes checked. I found V irg in ia  opossum nes ts  in e ig h t  na tu ra l  
c a v i t i e s  and 175 nes t  boxes. Two l i t t e r s  o f  opossums were found in 
boxes a t  Ben Hur la rge -b o x -un cu t -p lo t .  V irg in ia  opossums were found 
more f r eq u e n t ly  a t  Ben Hur la rge -box-uncu t -p lo t  than a t  any o ther  
p lo t  (p c 0 . 0 5 )  (Table 47). Opossums occurred most f requen t ly  in 
la rge  and medium s ized  boxes. No opossums were found in e i t h e r  n e s t  
boxes or na tu ra l  c a v i t i e s  a t  Donohoe, although opossum t racks  were 
noted in the  area on severa l  occasions. Opossums have d i f f e r e n t  
denning h a b i t s  in d i f f e r e n t  h a b i t a t s .  Reynolds (1945), Wiseman and 
Hendrickson (1950), and F i tch  and Sh i re r  (1970) repor ted  underground 
dens common in Missouri ,  Iowa and Kansas, r e s p e c t iv e ly .  Lay (1942) 
found no opossum use of  nes t  boxes placed in f o r e s t s  in e a s t  Texas. 
Opossums a t  Ben Hur p re fe r red  boxes in uncut p lo ts .
Peak c av i ty  use was in l a t e  f a l l ,  w in te r  and e a r ly  spr ing .  Lowest 
use by opossums occurred in l a t e  sp r in g ,  summer and e a r l y  f a l l .  Brown
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Table 47. Evaluation of cav i ty  use by Virg in ia  opossums a t  the
th ree  study a re a s ,  April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) . a
P lo t N Frequency of 
occurrence {%)
Grouping
Ben Hur natura l  c a v i t i e s 1780 0.1 D
Ben Hur la rge  boxes 715 0.8 B C D
Ben Hur medium boxes 671 1.3 B C
Ben Hur small boxes 677 0.3 D
Ben Hur la rge  boxes - uncut 646 5.1 A
Ben Hur boxes - c a v i t i e s 721 1.8 B
Durango natura l  c a v i t i e s 1032 0.0 D
Durango la rge  boxes 675 0.6 C D
Durango medium boxes 223 1.8 B C
Durango small boxes 222 0.0 D
Donohoe na tura l  c a v i t i e s 821 0 .0 D
Donohoe la rge  boxes 710 0.0 D
Donohoe medium boxes 241 0.0 D
Donohoe small boxes 233 0.0 D
aF -  0.052/0.007 with 13 and 9060 df .
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and Be l l rose  (1943) repor ted  more f requen t  opossum use of  n e s t  boxes 
In the  spr ing  than in th e  w in te r .  No o th e r  au thor  repor ted  seasonal 
s h i f t s  in den s i t e s  by opossums.
Cavity use by opossums was c o r r e l a t e d  with the presence o f  
n e s t s  ( p < 0 . 0 1 )  (Table 43) .  Leaf nes ts  were found in 91.6 percen t  
of  the  c a v i t i e s  used by opossums. Nest bu i ld in g  behavior  was descr ibed  
by McManus (1970). Several  au thors  repor ted  l e a f  n e s t s  in opossum 
dens (Smith 1941, Reynolds 1945, Lowery 1974:64).  Cavity use by 
opossums increased  with decreas ing  t r e e  age (p < 0 . 0 5 )  (Table 43).
Opossum use o f  c a v i t i e s  increased  as he igh t  o f  the  lowest  l i v e  
limb decreased (p < 0 . 0 5 )  (Table 43 and 48). Lower branches would 
f a c i l i t a t e  access to  the  c a v i ty .  Ninety-n ine  pe rcen t  o f  th e  c a v i ty -  
t r e e s  used by opossums had l i a n o id  cover;  84 pe rcen t  of  a l l  c a v i ty -  
t r e e s  had l i a n o id  cover.  The presence of  l i a n a s  could a id  in access  
to  the  c av i ty .  In ten s iv e  f o r e s t  management would prec lude  high l i v e  
crown r a t i o s  and l i a n a  presence.
Cavity use by opossums was c o r r e l a t e d  with c a v i t y - t r e e  spec ies  
(p <  0.05) (Table 43) .  C a v i t i e s  in su g a rb e r r i e s  and American elms 
accounted f o r  42.3 and 15.5 p e rcen t  o f  opossum use r e s p e c t iv e ly .  
Sugarberr ies  and American elms made up 47 pe rcen t  and 7 percen t  o f  
the  c a v i ty -b e a r in g  t r e e s  on Ben Hur l a rg e -b o x -u n c u t -p lo t .
Cavity use by opossums was c o r r e l a t e d  with en t rance  shape and 
c a v i ty  o r ig in  ( p < 0 . 0 5 )  (Table 43).  This c o r r e l a t i o n  i s  probably 
a func t ion  of  h igher  n e s t  box use than na tu ra l  c a v i ty  use by opossums.
Opossum use of c a v i t i e s  increased  with in c re a s in g  d i s tan c e  to  
water  ( p < 0 . 0 5 )  (Table 43).
Table 48. Mean cav i ty  c h a ra c te r i s t i c s  fo r  se lec ted  mammals, Ben Hur, Durango and Donohoe,
April 1977 to  February 1979
(standard deviations indicated p a ren th e t i ca l ly ) .





















Nest presence (%) 92 (2.7) 83 (3.8) 95 (2.3) 89 (5.7) 100 100 25.6 (38.4)
Tree age (years) 44.8 (20.9) 47.9 (27.1) 39.7 (30.9) 36.4 (17.9) 36 21 44.9 (22.4)
Tree dbh (cm) 31.5 (12.8) 37.8 (23.4) 27.2 (11.3) 23.0 (10.5) 25.4 15.5 35.4 (17.7)
Tree height (m) 18.1 (4.6) 20.4 (6.4) 18.1 (4.1) 17.3 (6.1) 24.4 13.7 19.0 (6.4)
Tree l iv ing  [%) 97.0 (1.7) 98 (1,5) 100 (0) 97 (1.8) 100 100 90 (2.8)
Lowest branch (m) 7.4 (2.7) 8.0 (3.2) 6.9 (3.1) 7.8 (3.6) 12.2 4.6 7.1 (3.4)
Tree lean (°) 3.0 (3.5) 2.7 (3.2) 2.1 (2.2) 2.7 (3.7) 10.0 0.0 3.2 (4.0)
Tree forked {%) 43 (5.0) 37 (4.8) 31 (4.7) 24 (4.3) 0 0 28 (4.4)
Bark cover (%) 99.9 (1.2) 99.2 (7.9) 99.7 (1.7) 100 (0) 100 100 96 (13.7)
Lianas (%) 99 (1.2) 77 (4.3) 86 (3.5) 64 (4.8) 100 100 70 (4.4)
Additional
c av i t i e s 0.3 (0.9) 1.0 (1.1) 0.7 (1.0) 0.5 (0.8) 0 0 0.9 (1.0)
Table 48. Continued.
Table 48. Continued.
C h a rac te r is t ic  Virginia Gray Fox
opossum squ ir re l  squ i r re l
(N=72) (N=l32) (N=36)
Distance to
c a v i ty - t r e e  (m) 10.5 (3.6) 13.3 (6.6) 12.4 (4.3)
Distance to 
water (m) 18.4 (12.1) 19.4 (16.8) 17.5 (13.1)
Trees per 
0.02 ha 4.7 (2.2) 4.0 (2.0) 5.3 (2.4)
Diameter a t  
cavi ty  (cm) 27.7 (22.2) 30.2 (21.9) 20.9 (8.5)
Height of 
cavi ty  (m) 6.0 (1.4) 6.6 (1.5) 6 .0 (0.7)
Entrance height 
(cm) 13.3 (9.2) 10.1 (3.1) 9.7 (2.7)
Entrance width 
(cm) 11.7 (2.6) 10.3 (3.1) 9.7 (2.7)
Angle from
horizontal  ( ) 89.1 (2.0) 89.1 (11.1) 88.2 (13.5)
Flying Golden Eastern Overall
squ i r re l  mouse woodrat mean
(N=117) (N=l) (N=l) (N=9376)
18.3 (7.3) 30.5 29.0 12.2 (4.8)
19.0 (13.3) 30.5 30.5 19.7 (16.9)
4.3 (2.2) 2 4 4.2 (1.9)
21.3 (24.8) 23.6 12.7 27.6 (20.5)
6.3 (1.2) 6.1 6.1 6.4 (3.3)
9.4 (3.4) 12.7 12.7 11.0 (8.3)
8.7 (3,4) 12.7 12=7 10.6 (5.6)
88,6 (8.8) 86 86 96.3 (16.7)
Table 48. Continued.
Table 48. Continued.




squ ir re l
(N=J32)
Fox 
squi r re l  
(N=36)
Flying









mean \  
(N=9376)
Location in 
trunk (%) 100 (0) 92 (2.8) 100 (0) 100 (0) 100 100 94 (2.3)
Under limb (%) 6 (2.3) 8 (2.7) 31 (4.7) 9 (2.8) 0 100 10 (2.9)
Cavity volume 
(cm3) 46000 (19345)43000 (28448) 34000 (19556) 26000 (22042) 57000 57000 32000 (33698)
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A po s i t iv e  co r re la t io n  found between cav i ty  use by opossums and 
cavity  volume ( p <  0.05) (Table 43) explains why opossums occurred 
more f requent ly  in large  boxes than in medium or  small boxes.
Gray squ i r re l  Gray sq u i r r e l s  were found in 43 natural  c av i t i e s  
checked and 89 nest  boxes checked. Gray s q u i r r e l s  used boxes of a l l  
s izes .  Cavity use a t  Donohoe was higher than a t  any other hab i ta t  
type. No boxes were used by gray sq u i r r e l s  a t  Durango, Natural cavi ty  
use by gray sq u i r r e l s  was higher a t  Donohoe than a t  any o ther  control 
p lo t  (p < 0 .0 5 )  (Table 49). Peak cavi ty  use by gray s q u i r r e l s  occurred 
in the winter .  Lowest use was in the  spring and summer. Gray 
s q u i r re l s  use natural  c av i t i e s  during the winter  and l e a f  nes ts  during 
the summer (Baker 1944, Allen 1952, Lowery 1974:176, Sanderson e t  a l .  
1975).
Use of c a v i t i e s  by gray s q u i r r e l s  was negat ive ly  co rre la ted  with 
c a v i ty - t r e e  age, c a v i ty - t r e e  dbh, diameter of  the  t r e e  a t  the cav i ty ,  
and c a v i ty - t r e e  height (p <  0.01) (Table 43). Boxes were used more 
than natural  c a v i t i e s  and boxes were placed in t r e e s  smaller  and 
younger than natural c a v i ty - t r e e s  (Table 48). Sanderson e t  a l .  (1975) 
found gray s q u i r r e l s  most f requent ly  using natural  c a v i t i e s  in t rees  
over 100 cm dbh. The average age of c a v i ty - t r e e s  on the  p lo ts  used 
by gray s q u i r r e l s  was 44.5 years .
Cavity use by gray s q u i r r e l s  was negatively  co rre la ted  with angle 
of cav i ty  entrance from horizontal  (p < 0 . 0 5 )  (Table 43). The average 
angle from horizontal  of cavi ty  entrances on the p lo ts  used by gray 
s q u i r re l s  was 85.9°.  This i s  disadvantageous to  the  occupants because 
i t  affords less  p ro tec t ion  from water en te r ing  the cav i ty  (Conner
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Table 49. Evaluation of  cav i ty  use by gray s q u i r r e l s  a t  the  th ree
study a re a s ,  April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p <0 .05);
P lo t N Frequency of  
occurrence (%}
Grouping
Ben Hur na tura l  c a v i t i e s 1780 0.5 C D
Ben Hur large  boxes 715 3.5 A
Ben Hur medium boxes 671 1.5 B C
Ben Hur small boxes 677 3.0 A
Ben Hur la rge  boxes - uncut 646 0.9 B C D
Ben Hur boxes - c a v i t i e s 721 0.1 D
Durango na tura l  c a v i t i e s 1032 0.2 D
Durango la rge  boxes 675 0.0 D
Durango medium boxes 223 0.0 D
Durango small boxes 222 0.0 D
Donohoe na tu ra l  c a v i t i e s 821 3.9 A
Donohoe large  boxes 710 2.8 A
Donohoe medium boxes 241 2.5 A B
Donohoe small boxes 233 0.4 C D
aF = 0.120/0.013 with 13 and 9060 df.
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1975).
Gray s q u i r r e l  use was c o r r e la t e d  with c a v i ty  o r ig in  (p -=0.01)  
(Table 43).  This c o r r e l a t i o n  was expected s ince  61.6 p e rcen t  of  gray 
s q u i r r e l  use occurred in boxes and 38.4 pe rcen t  in na tu ra l  c a v i t i e s  
o r i g in a t i n g  from limb break and subsequent  h e a r t  r o t .  Since boxes 
were used more f r e q u e n t ly  than na tu ra l  c a v i t i e s  a nega t ive  c o r r e ­
l a t i o n  with the number of  c a v i t i e s  per  t r e e  was expected {p -=0.05) 
(Table 43) .  Indeed, t r e e s  with more than one c a v i ty  a v a i l a b l e  were 
used by gray s q u i r r e l s .  An average o f  0.26 a d d i t io n a l  c a v i t i e s  per 
t r e e  were found on th e  p lo t s  used by gray s q u i r r e l s ,  while  0.96 
a d d i t io n a l  c a v i t i e s  per  t r e e  were p re sen t  in the  c a v i t y - t r e e s  used by 
gray s q u i r r e l s .
There was a p o s i t i v e  c o r r e l a t i o n  between gray s q u i r r e l  use and 
d i s t a n c e  to  th e  n e a re s t  c a v i t y - t r e e  (p -=0 .05 )  (Table 43).
There was a p o s i t i v e  c o r r e l a t i o n  between gray s q u i r r e l  use and 
the  number of  t r e e s  surrounding the  c a v i t y - t r e e  (p < 0 . 0 5 )  (Table 42).  
An average of  5 .2  t r e e s  surrounded c a v i t y - t r e e s  on th e  p lo t s  used by 
gray s q u i r r e l s ,  but  an average of  4 .0  t r e e s  surrounded t r e e s  used by 
gray s q u i r r e l s .  Goodrum (1961) suggested t h a t  dense s tands  a re  more
s u i t a b l e  t o  gray s q u i r r e l s  than open s ta n d s .
Fox s q u i r r e l  Fox s q u i r r e l s  were found in one of  4,136 na tu ra l  
c a v i t i e s  checked and 36 of  6,712 n e s t  boxes checked. Fox s q u i r r e l s  
were found most f r e q u e n t ly  in  medium boxes a t  Ben Hur and Durango 
(p -=0 .05 )  (Table 50).  I found no fox s q u i r r e l s  using c a v i t i e s  a t
Donohoe. Fox s q u i r r e l s  a re  not  found in the  Donohoe a rea .  Goodrum
(1938) repor ted  fox s q u i r r e l s  using old t r e e s  and snags fo r  dens more
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Table 50. Evaluation of c av i ty  use by fox s q u i r r e l s  a t  the  th ree
study a re a s ,  April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) . a
P lo t N Frequency of 
occurrence (2>)
Grouping
Ben Hur natura l  c a v i t i e s 1780 0.0 D
Ben Hur la rge  boxes 715 0.1 C D
Ben Hur medium boxes 671 2.1 A
Ben Hur small boxes 677 0.3 C D
Ben Hur large  boxes - uncut 646 0.3 C D
Ben Hur boxes -  c a v i t i e s 721 0 7 B C
Durango na tura l  c a v i t i e s 1032 0.1 C D
Durango la rge  boxes 675 1.0 B
Durango medium boxes 223 2.2 A
Durango small boxes 222 0 .0 D
Donohoe na tura l  c a v i t i e s 821 0 .0 D
Donohoe la rg e  boxes 710 0.0 D
Donohoe medium boxes 241 0.0 D
Donohoe small boxes 233 0.0 D
aF = 0.017/0.004 with 13 and 9060 df.
164
f requen t ly  than did gray s q u i r r e l s .  Brown and Bell rose  (1943) found 
t h a t  fox s q u i r r e l s  p re fe r red  natura l  c a v i t i e s  over n e s t  boxes. My 
f ind ings  from the bottomland p lo ts  do not  concur with those  of  
Goodrum (1938) or Brown and Bell rose  (1943). Use of  c a v i t i e s  was 
only s l i g h t l y  higher  during the  l a t e  f a l l ,  win ter  and ea r ly  spring 
than during the r e s t  of  the y ear .  Brown and Bell rose  (1943) suggested 
decreased use of c a v i t i e s  by males in spr ing  and t h a t  female cav i ty  
use remained constant  year  round.
Cavity use by fox s q u i r r e l s  was p o s i t iv e ly  c o r r e la t e d  with cav i ty -  
t r e e  age ( p < 0 . 0 5 )  (Table 43).  Baumgartner (1938) reported maximum 
fox s q u i r r e l  use of natura l  c a v i t i e s  in la rge  d iam eter ,  old growth 
t imber.
There was a p o s i t iv e  c o r r e la t io n  between c av i ty  height  above 
ground and cavi ty  use by fox s q u i r r e l s  ( p - ^ 0 . 0 5 )  (Table 43) ,  and a 
negat ive c o r r e la t io n  between number of c a v i t i e s  per  t r e e  and cav i ty  
use by fox s q u i r r e l s  (p <=r0.05) (Table 43). These c o r r e la t io n s  were 
expected s ince a l l  boxes were e rec ted  between 5.5 and 6.1 m in t r e e s  
which contained no o the r  c a v i t i e s .
Cavity use by fox s q u i r r e l s  was negat ive ly  c o r re la te d  with cav i ty  
entrance  height  ( p - ^ 0 . 0 1 ) ,  c av i ty  entrance  width ( p - ^ O . O l ) ,  and 
cav i ty  volume ( p - ^ 0 . 0 1 )  (Table 43). These c o r r e l a t io n s  were expected 
s ince  fox sq u i r r e l  use o f  medium and small boxes was higher than t h a t  
of la rge  boxes ( p - ^ 0 . 0 5 ) .
Cavity use by fox s q u i r r e l s  was nega t ive ly  c o r r e la t e d  with 
d is tance  to  n ea re s t  c a v i ty - t r e e  (p«=r0.01) (Table 43) and d is tance  to  
water  ( p - ^ 0 . 0 1 )  (Table 43). The average d is tance  to  water from
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c a v i t i e s  on th e  p lo t s  used by fox s q u i r r e l s  was 20.6 m; the  average 
d i s t a n c e  t o  water  from a l l  c a v i t y - t r e e s  used by fox s q u i r r e l s  was
13.1 m. Fox s q u i r r e l s  seemed to  s e l e c t  c a v i t i e s  near  water .  Goodrum 
(1961) repor ted  proximity to  water  an important  f a c t o r  in  use o f  
c a v i t i e s  by gray s q u i r r e l s ,  but  to  my knowledge no one ha. suggested 
t h i s  r e l a t i o n s h i p  f o r  fox s q u i r r e l s .
T h ir ty -one  percent  o f  th e  c a v i t i e s  used by fox s q u i r r e l s  were 
under l imbs,  but  only 10 p e rcen t  of  a l l  c a v i t i e s  were under l imbs.
Fox s q u i r r e l s  appeared to  p r e f e r  c a v i t i e s  under l imbs.
Southern f ly in g  s q u i r r e l  Flying s q u i r r e l  use was found in e ig h t  
of  4,136 n a tu ra l  c a v i t i e s  checked and in 111 o f  6,712 n e s t  boxes 
checked. Flying s q u i r r e l s  were found most f r e q u e n t ly  in small boxes 
a t  Donohoe ( p - ^ 0 . 0 5 )  and next most f r e q u e n t ly  in medium boxes a t  
Donohoe (p - s :0 .0 5 )  (Table 51).  Use o f  small and medium s ized  boxes 
was higher  than  use o f  l a rg e  boxes except  a t  Donohoe la rg e -b o x -p lo t  
and Ben Hur l a r g e - b o x -u n c u t - p lo t .  One to  s i x  f l y in g  s q u i r r e l s  were 
found per c a v i ty .  Lowery (1974:201) and Heidt (1977) repor ted  
communal l i v i n g  by f l y in g  s q u i r r e l s .  Nests in l a rg e  boxes were 
f re q u e n t ly  loca ted  under th e  s h e l f  and a n o t ic e a b le  waste s to rage  
a rea  vras u su a l ly  loca ted  in  the  oppos i te  co rner .  Peak c a v i ty  use 
occurred in th e  w in te r  and spr ing  and the  lowest  use occurred in the  
summer and f a l l .  Dawson (1967) rep o r te d  s im i l a r  r e s u l t s .
Use by f ly in g  s q u i r r e l s  was c o r r e l a t e d  with the  presence of  any 
v e r t e b r a t e  n e s t  (p 0 .05) (Table 43) .  E ighty-n ine  percen t  o f  the  
c a v i t i e s  used by f ly in g  s q u i r r e l s  conta ined  ver tebra te-made  n e s t s .
There was a p o s i t iv e  c o r r e l a t i o n  between c a v i ty  use by f ly in g
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Table 51. Evaluation of cav i ty  use by Southern f ly in g  s q u i r r e l s ,
April 1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 .0 5 ) .
P lo t N Frequency of 
occurrence (%)
Grouping
Ben Hur na tura l  c a v i t i e s 1780 0.3 F G
Ben Hur la rge  boxes 715 0.3 F G
Ben Hur medium boxes 671 1.6 D E
Ben Hur small boxes 677 2.5 C D
Ben Hur large boxes - uncut 646 1.4 D E F
Ben Hur boxes - c a v i t i e s 721 0.3 F G
Durango natura l  c a v i t i e s 1032 0.1 G
Durango large  boxes 675 0.7 E F G
Durango medium boxes 223 0.0 G
Durango small boxes 222 0.9 D E F G
Donohoe na tura l  c a v i t i e s 821 0.1 F G
Donohoe large  boxes 710 3.2 C
Donohoe medium boxes 241 7.0 B
Donohoe small boxes 233 10.0 A
a F = 0.207/0.011 with 13 and 9060 df .
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s q u i r r e l s  and c a v i t y - t r e e  lean (p 0.05) {Table 43).
Golden mouse One golden mouse was found in a n e s t  box, 21 Ju ly  
1978, Donohoe l a rg e -b o x -p lo t .  A small g lo b u la r  n e s t  of  shredded bark 
was a l s o  found in  the  box. Golden mouse n es t s  o f  shredded bark were 
descr ibed  by Barbour (1942). Goodpaster and Hoffmeister  (1954) found 
no n e s t s  in c a v i t i e s  in Kentucky. Packard and Garner (1964) repor ted  
t h a t  golden mice a re  more arboreal  than co t ton  mice. Two golden mice 
and 32 co t ton  mice were captured a t  Donohoe la rg e -b o x -p lo t  during small 
mammal t r ap p in g .  I found no p o s i t i v e  evidence o f  co t ton  mouse use o f  
n e s t  boxes.
Eastern  woodrat An e as te rn  woodrat was found on four  occasions 
(September, November, December 1977, and June 1978) in  a l a rg e  box a t  
Donohoe. Eastern  woodrats used c a v i t i e s  a t  Donohoe l a rg e -b o x -p lo t  
more f r e q u e n t ly  than c a v i t i e s  on any o th e r  p l o t  (p - ^ 0 .0 5 ) .  Lowery 
(1974:256) s t a t e d  t h a t  e a s t e r n  woodrats a re  more common in bottomland 
h a b i t a t s  than in upland pine-hardwood h a b i t a t s  o f  Louis iana.  My 
c a v i ty  use and small mammal t rapp in g  data  do not  support  t h a t  f in d in g .
A la rg e  n e s t  of  shredded bark was found in the  box used by eas te rn  
woodrats.  Neal (1967) rep o r te d  no e a s t e rn  woodrat n e s t s  in  c a v i t i e s  
and no a rborea l  nes ts  above 3.1 m. Dawson (1967) repo r te d  e a s t e r n  
woodrat use of  ne s t  boxes on upland s i t e s  in north  Louis iana.  A 
la rg e  s t i c k  n e s t  s im i l a r  to  t h a t  descr ibed  by Neal (1967) was found 
in a f e l l e d  hollow lo g ,  about 1 m above ground and about 18 m from the 
la rg e  box occupied by e a s te rn  woodrats . Apparently the  ne s t in g  hab i t s  
o f  e a s te rn  woodrats in  th e  l o e s s i a l  b lu f f s  a re  d i f f e r e n t  from the
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nes t ing  hab i ts  of woodrats in bottomlands.
Only one adu l t  woodrat was found on each occasion. Lowery (1974:
257) a lso  reported  s o l i t a r y  nes t ing  behavior of eas te rn  woodrats.
Unidenti f ied  mammals Unidenti f ied  mammal use was found in 116 
of 4,136 na tura l  c a v i t i e s  checked and 150 o f  6,712 nes t  boxes checked. 
Most appeared to  be small mammal use based upon the  s iz e  o f  sca ts  
f requen t ly  found in th e  c a v i ty ,  and upon p a r t i a l l y  eaten mast and 
f r u i t s .  Since cotton mice were the  most abundant small mammal on a l l
p l o t s ,  i t  seems l i k e l y  t h a t  t h i s  species  comprised some of  t h i s
cav i ty  use. The highest  frequency of u n id en t i f ied  mammal use was found 
in c a v i t i e s  a t  Donohoe. Small mammal captures  were a lso  higher a t  
Donohoe than a t  Durango or Ben Hur. Peak use occurred in winter .
Small mammal cap tu res ,  Sc iur id  use ,  and Virg in ia  opossum use were 
h ighes t  during the w in ter .  Hesselscherdt  (1942), Brown and Bell rose  
(1943), Frank (1948), Klein (1955), and Flyger and Cooper (1967) 
reported  win ter  use of  boxes by Peromyscus spp.
Many boxes and na tura l  c a v i t i e s  were used f o r  escape cover and 
feeding s i t e s  by mammals, but not used fo r  nes t ing  or denning.
Nests I t  i s  important to know the number of  nes ts  and type of  
nes ts  which occur in n e s t  boxes and na tura l  c a v i t i e s  because some 
species  of  c av i ty  users  a re  more or l e s s  l i k e l y  to  use a cav i ty  with 
a n e s t  p resen t .  Red-bel l ied  woodpeckers do not use c a v i t i e s  with old 
v e r te b ra te  nes ts  p re sen t ,  but V irg in ia  opossums and f ly in g  s q u i r r e l s  
seemed to  p r e f e r  c a v i t i e s  with v e r t e b ra te  nes ts  p resen t .  Carpenter 
bees only used boxes with f ly ing  sq u i r r e l  n e s t s .  Nests were found in
6.4 percent  o f  the  4,136 na tura l  c a v i t i e s  checked and 37.6 percent  of
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the  6,712 n e s t  boxes checked. The most f r e q u e n t ly  found in v e r t e b r a te  
nes t s  were made by s p i d e r s ,  wasps,  and honeybees. V er teb ra te  n e s t s  
comprised 80.6 percen t  of  a l l  n e s t s  found in c a v i t i e s .  The most 
f r e q u e n t ly  found n e s t s  were made by u n id e n t i f i e d  mammals and S c iu r id s .
Nests were found more f r e q u e n t ly  in small boxes a t  Donohoe than 
a t  any o th e r  p l o t  (p < 0 . 0 5 )  (Table 52).  Nest occurrence in boxes was 
higher than nes t  occurrence in na tu ra l  c a v i t i e s  in a l l  th re e  h a b i t a t  
types (p < 0 . 0 5 ) .  The h ighes t  occurrence o f  n e s t s  was in the  w in te r  
of 1978-79. Nests accumulated in c a v i t i e s  over time.
Brown and B e l l ro se  (1943) found up to  43 pe rcen t  of  t h e i r  boxes 
contained n e s t s  w ith in  one y e a r ,  though they in d ic a te d  t h a t  leaves  
had been c a r r i e d  in to  many more boxes by fox s q u i r r e l s .  I know of  no 
o th e r  au thor  who q u a n t i f i e d  annual n e s t  presence in c a v i t i e s .
Management Im plica t ions  At l e a s t  18 o f  the  26 v e r t e b r a t e  spec ies  
known to  use c a v i t i e s  a t  Ben Hur, Durango and Donohoe p re fe r red  boxes 
to  n a tu ra l  c a v i t i e s  f o r  escape cover ,  r o o s t i n g ,  n e s t in g  or  denning.
Only barred  owls p re fe r r e d  na tu ra l  c a v i t i e s  over n e s t  boxes f o r  
n e s t in g .  The m icroc l im at ic  advantages and d isadvantages  of  n e s t  boxes 
and n a tu ra l  c a v i t i e s  have been d iscussed  e a r l i e r .  Boxes may a c t  as 
s u p e r - r e l e a s e r s ,  s t im u la t in g  g r e a t e r  use than na tu ra l  c a v i t i e s  
(Hinde 1959), Cavity use by red-headed woodpeckers, ha i ry  woodpeckers, 
Carolina  ch ickadees ,  w h i te -b reas ted  nuthatches  and golden mice were 
too few to  allow any s ta tement  of  p re fe ren ce .  Nor can I make any 
s ta tement  about c a v i ty  p refe rence  by those  cav i ty -dependen t  spec ies  
which occurred n e i th e r  in na tu ra l  c a v i t i e s  nor n e s t  boxes, but which 
were known to  have been p resen t  on some of  the  p lo t s  (p i l e a t e d
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Table 52. Evaluat ion of  frequency of  occurrence o f  ne s t s  in c a v i t i e s
a t  the  t h r e e  study a r e a s ,  April  1977 to  February 1979
(means with d i f f e r e n t  l e t t e r s  vary s i g n i f i c a n t l y ,  p < 0 . 0 5 ) , a
P lo t N Frequency o f  
occurrence (&)
Grouping
Ben Hur na tu ra l  c a v i t i e s 1780 5.0 G
Ben Hur la rge  boxes 715 35.7 E
Ben Hur medium boxes 671 31.6 E
Ben Hur small boxes 677 33.8 E
Ben Hur la rg e  boxes -  uncut 646 51.2 B
Ben Hur boxes - c a v i t i e s 721 18.3 F
Durango na tu ra l  c a v i t i e s 1032 5.9 G
Durango la rg e  boxes 675 33.3 E
Durango medium boxes 223 50.2 B C
Durango small boxes 222 45.5 B C D
Donohoe na tu ra l  c a v i t i e s 821 5.9 G
Donohoe la rg e  boxes 710 44.6 C D
Donohoe medium boxes 241 41.5 D
Donohoe small boxes 233 80.3 A
a F = 22.002/0.148 with 13 and 9060 df .
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woodpecker, brown-headed n u th a tch ,  brown c re e p e r ,  no r thern  raccoon, 
e t c . ).
Cavity s i z e  was important  f o r  such spec ies  as wood ducks, 
common f l i c k e r s ,  r e d - b e l l i e d  woodpeckers, t u f t e d  t i t m i c e ,  and 
pro thono ta ry  w a rb le rs .  The presence of  a s h e l f  in l a rg e  n e s t  boxes 
did not  inc rease  use by small c a v i ty - n e s t i n g  b i r d s .  Cut t ing  adverse ly  
a f f e c te d  box use by V irg in ia  opossums, but p o s i t i v e l y  a f f e c t e d  box use 
by gray s q u i r r e l s  in  bottomland hardwoods. High n e s t  box use in the  
cottonwood p la n ta t io n  a t  Durango might be a t t r i b u t e d  to  th e  d i v e r s i t y  
o f  the  surrounding h a b i t a t  { r i v e r f r o n t  hardwoods, soybean f i e l d s ,  
s loughs,  sump a r e a s ,  e t c . ) .  Box use in u n in te r ru p te d  s tands  of  mono­
c u l t u r e  cottonwoods may be somewhat d i f f e r e n t .  P la n ta t io n s  composed 
of severa l  t r e e  spec ies  may c re a te  the  h a b i t a t  d i v e r s i t y  necessary  to  
overcome t h i s  problem should i t  a r i s e .
The d e n s i ty  o f  c a v ie i e s  on a l l  p lo ts  was high enough to  prec lude
100 pe rcen t  use a t  any po in t  in time. Reduction of c a v i ty  de n s i ty  may 
be p o ss ib le  without  in c re as in g  i n t r a -  or i n t e r s p e c i f i c  competi t ion  fo r  
c a v i t i e s ;  however, I do not know i f  a minimum c a v i ty  d e n s i ty  i s  needed
before  a given percentage  of  c a v i t i e s  w i l l  be used. For i n s t a n c e ,
ten  out  of  30 boxes may be used in  a given u n i t  of  space and t ime,  
but i f  c a v i ty  d e n s i ty  were reduced to  ten  boxes, none may be used,  
th r e e  may be used,  or  a l l  ten  may be used. Mean box use by v e r t e b r a t e s  
a t  a l l  h a b i t a t  types ranged from 15.8 to  29.3 pe rcen t  and mean na tu ra l  
c av i ty  use ranged from 7 .6  t o  12.5 pe rcen t .  This d i f f e r e n c e  could be 
due to  c a v i ty  arrangement ( sys tem at ic  versus random or  clumped) or to  
p re fe rence  f o r  a c a v i ty  type by spec ies  or  i n d iv id u a l s .  Poss ib ly  a
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c e r t a in  percentage of  a given cav i ty  type i s  used reg a rd less  of  
cav i ty  dens i ty .  Box use by v e r t e b r a t e s ,  reg a rd less  o f  box s i z e ,  was 
s im i la r  on a l l  p lo ts  wi th in  and among th ree  h a b i t a t s  (Table 38).
A s im i l a r  r e l a t i o n s h ip  ex is ted  fo r  in v e r t e b ra te s  (Table 35).  Once 
mean use by c a v i ty - n e s te r s  of  a given c av i ty  type i s  determined fo r  
h a b i t a t s ,  breeding and winter ing  populat ions of cavity-dependent  
species  could be accu ra te ly  co n tro l le d  by ad ju s t in g  cav i ty  dens i ty  
given adequate food,  water ,  cover and t o l e r a b l e  c l im a t ic  cond i t ions .  
Increased cav i ty  use may r e s u l t  i f  boxes were placed in s i t u a t i o n s  
meeting the  c r i t e r i a  of the  species  p resen t .  For in s ta n c e ,  the 
cons tan t  percentage of c a v i t i e s  used may be higher i f  the  c a v i t i e s  were 
in d e s i r a b le  lo ca t io n s  than i f  the  c a v i t i e s  were arranged randomly or 
sys tem at ica l ly  through th e  stand. An even mixture of l a rg e ,  medium, 
and small boxes a re  ind ica ted  unless populat ion increases  of  species 
p re fe r r in g  a p a r t i c u l a r  box a re  d es i red .
Provisions should be made f o r  na tura l  c av i ty  dens i ty  s u f f i c i e n t  
to  accommodate those  species  which do not p re fe r  n e s t  boxes. Natural 
c a v i t i e s  se lec ted  in res idua l  t r e e s  during th inn ing  or  harvest ing  
opera t ions  should be those  with c h a r a c t e r i s t i c s  p re fe r red  by as many of 
the  na tura l  cav i ty  p r e f e r r in g  species  p resen t  in the  stand as poss ib le  
to  increase  the  p ro b a b i l i ty  o f  na tura l  c av i ty  use. Nest boxes i n t e r ­
spersed with na tura l  c a v i t i e s  would reduce competi t ion f o r  na tura l  
c a v i t i e s  by na tura l  cavity-dependent  sp e c ie s ;  fewer na tura l  c a v i t i e s  
per u n i t  area would be needed to  support  given populat ions o f  c av i ty -  
dependent species  i f  na tura l  c a v i t i e s  were in te r sp e rse d  with ne s t  boxes.
Use of each cav i ty  could be increased i f  seasonal c av i ty  use is
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considered. Amphibian and r e p t i l i a n  cav i ty  use was h ighes t  in the 
summer, followed by high mammalian use in the  l a t e  f a l l  and w in te r ,  
followed by high avian use in the  spring and ea r ly  summer. Although 
some overlap competi tion i s  i n e v i t a b l e ,  one cav i ty  could ben e f i t  
several  species  each year ;  For in s tan c e ,  a la rge  box placed in a 
dense stand might be used by gray s q u i r r e l s  and Carolina wrens, but 
the same box placed in an open stand might be used by fox s q u i r r e l s  
and g rea t  c re s ted  f ly c a tc h e r s .
There appear to  be th ree  a l t e r n a t i v e s  to  management of c av i ty -  
dependent species  in in te n s iv e ly  managed f o r e s t s .  F i r s t ,  each cav i ty  
s i t e  could be se lec ted  to  meet the  requirements of as many species  as 
p oss ib le ,  or  second, each cav i ty  in a s e r i e s  of  cav i ty  s i t e s  should 
attempt to  meet the  requirements f o r  s ing le  spec ie s ,  o r  t h i r d ,  
systematic  d i s t r i b u t i o n  of nest  boxes and na tura l  c a v i t i e s  would r e s u l t  
in use by a number of  species  a t  a lower cos t  and without techn ica l  
knowledge of the requirements o f  each cavity-dependent species  p resen t .
SUMMARY AND CONCLUSIONS
Microclimates and physical  c h a r a c t e r i s t i c s  of  n e s t  boxes were 
compared to  na tu ra l  c a v i t i e s  to  help determine why one c av i ty  type 
should be p re fe r r e d  over the  o th e r  by cav i ty -dependent  v e r t e b r a t e s  
in mid-South hardwoods. Microcl imate comparisons were made on seven 
nes t  boxes and s ix  na tu ra l  c a v i t i e s  f o r  18 months in a bottomland 
hardwood s tand .  Physical  c h a r a c t e r i s t i c  comparisons were made on 
235 n e s t  boxes of  th re e  s i z e s  and 163 na tu ra l  c a v i t i e s  in bottomland 
hardwoods, a cottonwood p l a n t a t i o n ,  and upland pine-hardwoods. Small 
mammal and b ird  populat ions  were indexed in each h a b i t a t  type f o r  
two y e a r s .  A c t iv i ty  counters  were a t tached  to  ten  n e s t  boxes and 
ten n a tu ra l  c a v i t i e s  in the  bottomland hardwoods to  determine con­
s i s t e n c y  o f  c av i ty  use.  All n e s t  boxes and na tu ra l  c a v i t i e s  were 
inspected  f o r  v e r t e b r a t e  use every four  weeks f o r  two y e a r s .
In te rn a l  t em pera tu res ,  ambient r e l a t i v e  humidity, and in te r n a l  and 
ambient s o l a r  r a d i a t i o n  and l i g h t  d i f f e r e d  between boxes and na tura l  
c a v i t i e s  ( p - ^ 0 . 0 5 ) .  All d i f f e r e n c e s  were c o n s i s t e n t  over t ime. All 
c av i ty  c h a r a c t e r i s t i c s  were d i f f e r e n t  among p lo t s  and h a b i t a t s  
(p -cO.05) except the  he igh t  of  fo rks  in c a v i t y - t r e e s ,  and the  
frequency of  c a v i t i e s  under limbs (p ==*0.05). I found no d i f f e r e n c e s  
in frequency of  l i a n a s ,  h e igh t  of  the  lowest  l i v e  branch, frequency o f  
fo rk s  and number of  t r e e s  pe r  0.02 ha surrounding c a v i t y - t r e e s  when 
only n a tu ra l  c a v i t y - t r e e s  were considered in a n a ly s i s .
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Small mammals were captured more f requen t ly  in the  upland pine-  
hardwoods than in the  bottomland p lo t s .  Four cavi ty-dependent  species 
o f  small mammals were captured.  Cavity dependent b irds  c o n s t i tu t e d  a 
l a rg e r  percentage of the  bird  populations in the  upland pine-hardwood 
p lo ts  than in the  bottomland p lo t s .
A c t iv i ty  counters were a c t iv a ted  as f req u e n t ly  a t  nes t  boxes as 
a t  na tura l  c a v i t i e s  (p > 0 . 0 5 )  (x = 2.9 v i s i t s  per  week). Cavity 
inspec t ion  revealed t h a t  ne s t  boxes were used more f r eq uen t ly  than 
na tura l  c a v i t i e s  by most c av i ty -us ing  v e r t e b r a te s .  Most c av i ty  using 
v e r te b ra te s  se lec te d  c a v i t i e s  on the basis  of one or more cav i ty  
c h a r a c t e r i s t i c s .
In conclusion:
1. Temperature and r e l a t i v e  humidity in s ide  na tura l  c a v i t i e s  
i s  more s t a b le  than t h a t  in s id e  nest  boxes, but  nes t  
presence and endotherm presence may a l t e r  in te rn a l  
microclimates s i g n i f i c a n t l y .
2. Box temperatures are  probably influenced more by 
so la r  r a d ia t io n  incidence than are  na tu ra l  cav i ty  
temperatures.  Light en te r in g  natural  c a v i t i e s  and 
n es t  boxes i s  p r im ar i ly  d i f f u s e ,  but sunfleck 
occurrence can r a i s e  in te rn a l  incoming l i g h t  l ev e ls  
s i g n i f i c a n t l y .
3. Natural c a v i t i e s  should be p re fe r red  during the  n ig h t ,  
e s p e c ia l ly  during warm weather, and boxes should be 
p re fe r red  during the day, e sp e c ia l ly  during cold weather.
4. Natural cav i ty  dens i ty  i s  h ighes t  in bottomland hardwoods
176
and lowest in upland hardwoods.
5. Most c av i ty  c h a r a c t e r i s t i c s  vary among the  th ree  h a b i ta t s  
s tud ied  but he ights  of forks in c a v i ty - t r e e s  and 
frequency of c a v i t i e s  under limbs are  the  same in a l l  
th ree  h a b i t a t s .
6 . Animal-made c a v i t i e s  in uplands face predominantly 
north and west ,  while those in the  bottomlands face 
predominantly south and southwest. O r ien ta t ion  may 
be in response to  p rev a i l ing  winds or l i g h t .
7. C av i ty -nes te rs  comprise a l a r g e r  percentage of b ird  
dens i ty  in uplands than in bottomlands
8 . Density o f  cavity-dependent small mammals i s  higher 
in the  uplands than in the  bottomlands.
9. Periods o f  high a c t i v i t y  a t  boxes a re  a sso c ia ted  with 
a low percentage of  boxes used, but high a c t i v i t y  a t  
na tura l  c a v i t i e s  i s  a ssoc ia ted  with a la rge  percentage 
of na tura l  c a v i t i e s  used.
10. Ver tebra te  and in v e r teb ra te s  use of sy s te m a t ica l ly  
arranged nes t  boxes or  of randomly or clumped arranged 
natura l  c a v i t i e s  i s  r e l a t i v e l y  cons tan t  a f t e r  two years  
r ega rd less  of  c av i ty  s ize  or  c av i ty  dens i ty .
11. Cavity use may be increased i f  c a v i t i e s  are  placed in 
d e s i r a b le  s i t u a t i o n s .
12. Placement of boxes to  s a t i s f y  the  c r i t e r i a  of several  
species  may increase  the  p r o b a b i l i t y  o f  seasonal nes t  
box use by cavi ty-dependent w i l d l i f e .
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13. I n t e r s p e r s io n  o f  ne s t  boxes with na tu ra l  c a v i t i e s  may 
reduce i n t e r s p e c i f i c  competi t ion f o r  na tu ra l  c a v i t i e s  
thereby a id ing  spec ies  which p r e f e r  n a tu ra l  c a v i t i e s  
over ne s t  boxes.
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APPENDIX
Table 53. Overstory and midstory vegetat ion ,  Ben Hur con tro l -p lo t













Water oak 34.0 34.0 11.13 24.1 17.0
Sweetgum 21.9 9.7 7.18 42.7 16.5
Coast pignut hickory 18.7 12.9 6.12 34.5 21.5
Sugarberry 9.4 14.5 3.08 24.9 15.9
American sycamore .4.5 1.6 1.49 55.4 33.6
Boxelder 4.3 11.3 1.39 18.8 10.5
Nuttal l  oak 3.8 1.6 1.23 50.3 33.6
American elm 0.9 4.8 0.28 13.7 9.2
Sweet pecan 0.8 1.6 0.26 23.1 18.9
Blu,ebeech 0.7 3.2 0.24 15.2 9.9
Winged sumac 0.6 3.2 0.21 14.7 14.8
Carolina basswood 0.2 1.6 0.08 13.0 12.2
Total 99.8 100.0 32.69 22.9 17.8
*382 t r e e s  per ha.
Table 54. Overstory and midstory vegetat ion,  Ben Hur large-box-plo t ,
East Baton Rouge Parish ,  Louisiana, 20 Hay 1977













Cow oak 31.5 ( 13.5) 11.6 8,8) 3.56 3.56) 34.5 (34.5) 20.1 (20.1)
Sugarberry 22.3 ( 10.0) 34.9 28.1) 2.52 2.62) 17.5 (17.3) 13.8 (13.6)
Carolina basswood 14.0 ( 7.9) 11.6 13.8) 1.58 2.07) 23.9 (21.8) 14.0 (15.6)
Water oak 8.5 ( 7.0) 7.0 7.0) 0.96 1.83) 25.1 (28.4) 18.3 (18.3)
Sweet pecan 5.4 ( 2.3) 2.3 1.8) 0.61 0.61) 35.6 (35.6) 25.9 (25.9)
Bluebeech 4.8 ( 2.0) 14,0 10.5) 0.54 0.54) 13.7 (13.7) 10.3 (10.3)
Sweetgum 4.2 ( 49.8) 2.3 15.8) 0.47 12.92) 79.5 (52.6) 30.5 (23.9)
Boxelder 3.3 ( 1-4) 4.6 3.6) 0.37 0.37) 19.3 (19.3) 13.3 (13.3)
Sweetleaf 2.3 ( i . o ) 2.3 1.8) 0.26 0.26) 18.0 (18.0) 12.2 (12.2)
Coast pignut hickory 1.5 ( 0.7) 4.7 3.5) 0.17 0.17) 12.9 (12.9) 14.0 (14.0)
American elm 1.5 ( 0.7) 2.3 1.8) 0.17 0.17) 19.6 (19.6) 13.7 (13.7)















Green ash 0.0 ( 3.9) 0.0 ( 1.8) 0.00 ( 1.04) 0.0 (46.2) 0.0 (18.3)
Total 100.0 (100.0) 99.9 (100.1) 11.29 (26.24) 24.0 (25.6) 15.6 (16.6)
*265 (352) t ree s  per ha.
Table 55. Overstory and midstory vegetat ion,  Ben Hur large-box-uncut-plot ,













Sweetgum 34.7 9.1 8.90 59.9 29.3
Sugarberry 29.2 58.4 7.49 20.1 15.2
Water oak 21.4 3.5 5.47 74.9 33.6
Boxelder 7.4 23.6 1.90 15.7 14.1
American sycamore 6.6 1.8 1.70 59.2 33.6
Green ash 0.4 1.8 0.06 11.4 12^2
Total 99.9 100.0 25.62 36.5 21.7
*339 t rees  per ha.
Table 56. Overstory and midstory vegetat ion,  Ben Hur medium-box-plot,
East Baton Rouge Parish ,  Louisiana, 21 Hay 1977













Sugarberry 35.0 (21.6) 47.4 ( 40.7) 3.67 6.66) 17.8 (22.9) 14.6 (16.0)
American elm 21.8 (31.1) 10.2 ( 13.0) 2.27 9.47) 33.3 (47.0) 20.1 (22.9)
Boxelder 12.1 ( 4.1) 18.4 ( 13.0) 1.25 1.25) 18.8 (18.8) 15.7 (15.7)
Green ash 11.1 ( 3.8) 5.3 ( 3.7) 1.17 1.17) 38.9 (38.9) 24.4 (24.4)
Sweetgum 10.4 (30.1) 2.6 ( 11.1) 1.09 9.16) 47.5 (54.1) 22.9 (25.2)
Drummond red maple 6.2 ( 7.8) 5.3 ( 11-1) 0.65 2.40) 24.4 (26.9) 16.0 (16.8)
Bluebeech 2.5 ( 0.8) 7.9 ( 5.6) 0.27 0.27) 13.2 (13.2) 9.2 ( 9.2)
Water oak 0.8 ( 0.3) 2.6 ( 1.9) 0.09 0.09) 13.7 (13.7) 13.7 (13.7)
Total 100.0 (99.9) 99.7 (100.0) 10.46 30.47) 25.9 (29.4) 17.1 (18.0)
*234 (335) t rees  per ha.
Table 57. Overstory and midstory vegetat ion,  Ben Hur small-box-plot ,
East Baton Rouge Parish ,  Louisiana, 21 May 1977
{values before cu t t ing  indicated p a ren th e t i ca l ly ) .
Species Relative Relative Basal area Mean dbh Mean height
dominance density  (m^/ha) (cm) (m)
__________________ (percent)______ (percent)*_____________________________________________
Cow oak 35.0 (15.9) 10.0 8.5) 4.00 ( 4.00) 32.5 (32.5) 18.9 (18.9)
Sugarberry 24.2 (26.6) 32.0 33.8) 2.40 ( 6.71) 17.0 (22.4) 12.5 (14.5)
Boxelder 20.5 ( 9.2) 34.0 28.8) 2.32 ( 2.32) 16.5 (16.5) 12.7 (12.7)
Coast pignut hickory 9.5 ( l . D 4.0 3.4) 1.09 ( 1-09) 33.4 (33.5) 24.4 (24.4)
American elm 3.3 ( 1-5) 8.0 6.8) 0.38 ( 0.38) 14.0 (14.0) 9.9 ( 9.9)
Sweetgum 3.1 (43.8) 6.0 13.6) 0.36 (11.26) 15.5 (47.0) 14.2 (22.7)
Black cherry 1.6 ( 0.7) 2,0 1.7) 0.19 ( 0.19) 19.6 (19.6) 13.7 (13.7)
Water oak 1.2 ( 0.5) 2.0 1.7) 0.13 ( 0.13) 16.5 (16.5) 16.8 (16.8)
Green ash 1.2 ( 0.5) 2.0 1.7) 0.13 ( 0.13) 16.5 (16.5) 18.3 (18.3)
Total 99.6 (99.8) 100.0 100.0) 11.00 (26.08) 20.2 (24.3) 15.7 (16.9)
*234 (335) t r e e s  per ha.
Table 58. Overstory and midstory vegeta t ion ,  Ben Hur box-natural c a v i ty -p lo t ,











Mean height  
(«)
Sugarberry 38.2 30.0 10.18 29.9 19.4
Sweetgum 34.8 12.9 9.28 40.6 25.8
American elm 13.3 12.9 3.55 26.2 19.0
Boxelder 5.6 14.3 1.49 16,3 13.1
Nuttal l  oak 2.6 10.0 0.70 14.0 11.1
Drummond red maple 1.8 8.6 0.49 12.7 14.5
Water oak 1.7 4.3 0.43 17.8 15.9
Persimmon 1.0 1.4 0.25 22.9 19.8
Winged elm 0.9 5.7 0.23 10.7 9.8
Total 99.9 100.1 26.65 21.2 16.5
*434 t ree s  per ha.
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Table 59. Understory v e ge ta t io n ,  Ben Hur c o n t r o l - p lo t ,
East Baton Rouge Pa r i sh ,  Louis iana,  22 September 1978.
Species Percent








Murphy's grass 21.1 20.8 63
Grasses 8.0 8.0 67
Thoroughworts 5.7 5.8 47
Sugarberry 4.9 4.8 77
Crossvine 4.2 4.2 83
Poison ivy 3.5 3.5 70
Oaks 3.4 3.3 67
Common g reenb r ie r 3.2 3.2 63
Coast pignut hickory 3.2 3.2 50
Jumpseed 2 .8 2.8 50
Trumpet creeper 2.8 2.8 50
Asters 2.2 2.2 43
Red-berried moonseed 2.0 2.0 40
E le p h an t ' s - fo o t 2.0 2.0 40
Virg in ia  creeper 1.8 1.8 37
Boxelder 1.7 1.7 33
Wax-leaved l igus trum 1.7 1.7 13
Japanese honeysuckle 1.7 1.7 33
Indian s trawberry 1.5 1.5 30
35 o ther  taxa 22.6 22.3 87
Total 99.3
Table 60. Understory v e g e t a t i o n ,  Ben Hur l a r g e - b o x - p lo t ,
East Baton Rouge P a r i sh ,  Lou is iana ,  27 Ju ly  1978.
Species Percent








Murphy's grass 7,0 9.3 47
Water-willow 5.4 7.2 57
Sedges 4.9 6.5 50
Spicebush 4.4 5 .8 50
Southern s h i e ld  fern 3.9 5.2 30
Sugarberry 3.6 4 .8 70
Boxelder 3.2 4.3 73
Grasses 3.0 4 .0 60
Clearweed 2.9 3 .8 57
F a l s e - n e t t ! e 2 .9 3.8 30
Dewberries 2 .8 3.7 30
Poison ivy 2.8 3.7 53
Climbing hempweed 2.8 3.7 67
Grapes 2.6 3 .5 43
Crossvine 2.6 3.5 70
Bluebeech 2.5 3.3 40
Oaks 2.4 3.2 63
Elderberry 2.3 3.0 40
Elephan t1s - f o o t 2 .0 2 .7 47
Japanese honeysuckle 1.9 2.5 30













Fall  a s t e r s 1.5 2 .0 27
59 o th e r  taxa 30.9 41.0 90
Total 132.7
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Table 61. Understory v e g e t a t i o n ,  Ben Hur medium-box-plot,
East Baton Rouge P a r i sh ,  Louis iana ,  1 August 1978.
Species Percent  Average Percent
v e g e ta t iv e  percen t  frequency
cover ground
cover
Grasses 11.1 15.8 40
Murphy's grass 7.9 11.3 40
Sedges 5.5 7 .8 57
Spicebush 4.9 7 .0 53
L i z a r d ' s - t a i l 4 .4 6 .3 27
Dewberries 4.4 6 .3 33
Elderberry 4.2 6.0 33
Water-wi11ow 3.7 5 .3 33
Poison ivy 3.3 4.7 60
Climbing hempweed 2.9 4 .2 50
Sugarberry 2.5 3.5 63
Boxelder 2 .3 3.3 53
Crossvine 2.2 3.2 63
Thoroughworts 2.2 3.2 57
Asters 2.1 3.0 33
Bluebeech 2.0 2 .8 23
Grapes 1.9 2.7 27
Common g re e n b r ie r 1.8 2.5 43
Oaks 1.8 2.5 50
Jumpseed 1.6 2 .3 47
60 o th e r  taxa 27.3 36.5 83
Total  140.2
201
Table 62. Understory v e g e ta t io n ,  Ben Hur sm a l l -b o x -p lo t ,
East  Baton Rouge P a r i sh ,  Louis iana,  2 August 1978.
Species Percent  Average Percent
v e g e ta t iv e  percen t  frequency
cover ground
cover
Switchcane 10.4 16.5 47
Murphy's grass 6.5 10,3 40
Southern s h i e ld  fe rn 6.2 9 .8 50
Grasses 5.2 8 .3 67
Dewberries 4.8 7.7 60
Sugarberry 4.2 6.7 80
Grapes 4 .0 6.5 57
Spicebush 3.3 5.2 43
Poison ivy 3.3 5.2 70
Asters 2.8 4.5 43
Thoroughwort 2.7 4.3 60
Boxelder 2.5 4 .0 60
Crossvine 2.5 4 .0 80
E le p h a n t ' s - fo o t 2.5 4 .0 67
Jumpseed 2.4 3.8 77
Common g re e n b r i e r 1.8 2.8 57
Avens 1.8 2.8 50
V irg in ia  c reepe r 1.8 2.8 50
Sedges 1.4 2.2 30
Beggar- t icks 1.4 2.2 43













El derberry 1.4 2.2 30
Climbing hempweed 1.4 2.2 47
53 o th e r  taxa 24.3 38.6 87
Total 158.8
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Table 63. Understory v e g e ta t io n ,  Ben Hur l a r g e - b o x -u n c u t - p lo t ,
East Baton Rouge P a r i sh ,  Lou is iana ,  28 Ju ly  1978.
Species Percen t  Average Percent
v e g e ta t iv e  p e rcen t  frequency
cover ground
____________________  cover ____
Switchcane 12.0 15.2 63
Southern s h i e ld  fe rn 6.6 8.3 40
Dewberries 4.3 5.5 63
Poison ivy 4.2 5.3 93
Boxelder 3.9 5.0 60
Sedges 3.7 4.7 40
Spicebush 3.7 4.7 67
Crossvine 3.7 4.7 87
Water-wi11ow 3.6 4.5 37
Grasses 3.0 3.8 30
Common g r e e n b r ie r 3.0 3.8 70
Oaks 2.6 3.3 67
Sugarberry 2.6 3.3 53
Jumpseed 2.6 3.3 67
Avens 2 .6 3.3 60
Murphy's g rass 2.2 2.8 43
Elderberry 2.2 2 .8 50
E le p h a n t ' s - f o o t 2.1 2.7 53
Climbing hempweed 2.0 2.5 37
Red-berr ied  moonseed 1.8 2.3 47













Asters 1.8 2.3 47
Trumpet creeper 1.7 2.2 37
Grapes 1.6 2.0 33
Ind ian - tu rn ip 1.4 1.8 37
Leather-f lower 1.4 1.8 37
35 o ther  t a x a . 17.9 22.7 53
Total 126.9
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Table 64. Understory vege ta t io n ,  Ben Hur box-natural  c a v i ty - p l o t .
East Baton Rouge P a r i sh ,  Louisiana,  26 September 1978.
Species Percent  Average Percent
v eg e ta t ive  percent  frequency
cover ground
cover
Grasses 15.0 12.7 67
Water-wi11ow 11.5 9.7 67
Dewberries 5.0 4.2 50
Poison ivy 4.1 3.5 63
L i z a r d ' s - t a i l 3.5 3.0 40
Japanese honeysuckle 3.5 3.0 53
Spicebush 3.0 2.5 37
Asters 3.0 2.5 50
Peppervine 2.7 2.3 47
Crossvine 2.7 2.3 47
Elderberry 2.7 . 2.3 40
Common g reen b r ie r 2.6 2.2 43
Clearweed 2.4 2.0 40
Jumpseed 2.4 2.0 40
Southern sh ie ld  fern 2.1 1.8 55
Red-berried moonseed 2.1 1.8 37
Leather-f lower 1.8 1.5 30
Boxelder 1.8 1.5 30
Drummond red maple 1.8 1.5 30
Oaks 1.4 1.2 23













V irg in ia  c reep e r 1.4 1.2 23
Climbing hempweed 1.4 1.2 23
40 o th e r  taxa 20.7 17.5 40
Total 84.6
Table 65. Overstory and midstory vegetat ion,  Durango co n t ro l -p lo t ,













Water hickory 57.3 28.8 5.40 29.6 21.7
Sugarberry 17.0 24.2 1.60 17.2 12.0
Waterlocust 11.0 6.1 1.04 16.3 12.2
Swamp-privet 7.7 27.3 0.73 11.1 5.9
Boxelder 5.2 10.6 0.49 14.5 12.0
Planertree 1.7 3.0 0.16 27.6 22.5
Total 99.9 100.0 9.32 19.4 14.4
*271 t r e e s  per ha.
Table 66. Overstory and midstory vegetat ion,  Durango large-box-plo t ,













Cottonwood 100.0 100.0 12.1 21.8 24.3




Table 67. Understory v e g e t a t io n ,  Durango c o n t r o l - p l o t ,
J e f f e r s o n  County M is s i s s ip p i ,  3 September 1977.
Species Percent  








Red-berried moonseed 9.4 4 .0 80
Trumpet c reeper 8.7 3.7 67
Asters 8,7 3.7 53
Grasses 6.3 2 .7 17
L ad ies ' - e a rd ro p s 6.3 2.7 53
Peppervine 6.3 2.7 33
Climbing dogbane 5.9 2 .5 50
Sawtooth g re e n b r ie r 4.7 2 .0 40
F a l s e - n e t t l e 4.7 2 .0 33
Dewberries 4.7 2 .0 27
White-leaved g re e n b r ie r 3.5 1.5 30
V irg in ia  c reeper 3.5 1.5 30
Unknown 3.1 1.3 27
Rattan-v ine 2.8 1.2 23
Wild ch e rv i l 2 .4 1.0 20
Grapes 1.9 0 .8 17
Pecan hickory 1.6 0.7 13
Sugarberry 1.6 0.7 13
20 o th e r  taxa 13.9 5.9 53
Total 42.6
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Table 68. Understory v eg e ta t io n ,  Durango la rg e -b o x -p lo t ,
Je f fe rso n  County, M iss i s s ip p i ,  3 September 1977.
Species Percent Average Percent
vege ta t ive  percent  frequency
cover ground
cover
Poison ivy 21.6 19.0 100
Trumper creeper 19.1 16.8 100
Dewberries 15.0 13.2 90
Goldenrods 6.0 5.3 60
Boxelder 5.9 5.2 57
Grasses 2.6 2.3 33
Sugarberry 2.6 2.3 47
F a l s e - n e t t l e 2.6 2.3 47
Grapes 2.5 2.2 43
Pecan hickory 2.2 2.0 40
Virg in ia  creeper 2.2 2.0 40
Johnson grass 2.0 1.8 23
Asters 1.7 1.5 30
Par t r idge-pea 1.4 1.3 27
Morning glory 1.3 1.2 23
Tuberous hedge-ne t t le 1.3 1.2 23
22 o ther  taxa 10.0 8 .8 60
Total 88.4
Table 69. Overstory and midstory vegetat ion ,  Donohoe con tro l -p lo t
Jefferson County, Miss iss ippi ,  25 May 1977.
Species Relative Relative Basal area Mean dbh Mean height
dominance . densi ty  (m^/ha) (cm) (m)
_________________ (percent)______ (percent)*________________________________________________
Loblolly pine 48.8 25.6 11.33 • 31.0 25.8
Water oak 11.3 17.1 2.61 17.0 16.6
Short leaf  pine 11.0 6.6 2.56 28.7 24.4
Sweetgum 10.0 14.7 2.51 18.3 16.6
Cherrybark oak 5.9 8.1 1.37 19.1 20.1
Winged elm 4.7 3.8 0.99 22.1 17.1
Flowering dogwood 3.5 10.0 0.81 13.5 10.2
Southern red oak 2.7 6.6 0.64 15.0 16.9
Shumard oak 0.4 2.4 0.10 14.2 14.0
Carolina basswood 0.4 1.0 0.08 13.7 18.3
Eastern redcedar 0.3 0.9 0.06 16.5 9.8
Yellow-poplar 0.3 0.5 0.05 14.7 15.3















B i t te rnu t  hickory 0.1 0.5 0.02 18.0 9.5
Bluebeech 0.1 0.5 0.02 10.7 9.2
Hill red maple 0.1 0.5 0.02 10.9 10.7
Blackgutn 0.1 0.5 0.02 10.7 10.7
White ash 0.1 0.5 0.02 10.9 10.7
Total 99.7 100.3 23.25 16.9 15.4
*519 t rees  per ha.
Table 70. Overstory and midstory vegetat ion ,  Donohoe la rge-box-p lo t ,
Jefferson County, M iss iss ipp i ,  25 May 1977













Loblolly pine 53.5 (44.2) 33.0 (28.7) 11.07 11.74) 30.7 (31.5) 24.5 (24.6)
Shor t lea f  pine 21.3 (15.4) 14.4 (13.4) 4.08 4.08) 27.9 (27.9) 24.8 (24.8)
Blackgum 5.5 ( 7.5) 4.4 ( 5.3) 1.15 1.97) 26.2 (30.2) 20.0 (21.0)
Sweetgum 4.5 ( 8.4) 5.7 ( 7.4) 0.92 2.20) 20.1 (25.4) 16.1 (18.3)
Flowering dogwood 3.2 ( 2.6) 10.6 ( 9.9) 0.66 0.66) 13.2 (13.2) 11.0 (11-0)
Yellow-poplar 2.6 ( 2.0) 6.9 ( 6.1) 0.54 0.54) 15.7 (15.7) 18.6 (18.6)
American beech 2.3 ( 3.4) 3.1 ( 3.3) 0.49 0.88) 13.7 (20.8) 13.5 (15.6)
Eastern hophornbeam 2.1 ( 1.7) 8.1 ( 7.4) 0.43 0.43) 12.7 (12.7) 12.5 (12.5)
Water oak 1.6 ( 6-2) 5.7 ( 6.1) 0.35 1.63) 16.3 (22.1) 14.4 (16.8)
Winged elm 1.4 ( 2.6) 0.6 ( 1-6) 0.30 0.67) 32.8 (34.5) 22.9 (20.2)
B i t te rn u t  hickory 0.6 ( 0.6) 0.6 ( 0.4) 0.15 0.15) 32.5 (32.5) 25.9 (25.9)















B1 uebeech 0.4 ( 0.4) 1.3 ( 1.2) 0.10 ( 0.10) 15.2 (15.2) 13.1 (13.1)
White oak 0.2 ( 3.9) 1.3 ( 2.0) 0.06 ( 1.06) 11.9 (25.1) 16.2 (22.0)
Cherrybark oak 0.2 ( 0.2) 0.6 ( 0.8) 0.05 { 0.05) 13.7 (13.7) 13.7 (13.7)
Southern magnolia 0.1 ( 0.1) 0.6 ( 0.8) 0.03 { 0.03) 13.5 (13.5) 12.2 (12.2)
Shumard oak 0.0 ( 0.1) 0.6 ( 0.4) 0.02 ( 0.02) 10.4 (10.4) 12.2 (12.2)
American holly 0.0 ( 0.1) 0.6 ( 0.4) 0.02 ( 0.02) 11.2 (11.2) 7.6 ( 7.6)
Total 100.1 (100) 101.2 (98) 19.70 (26.39) 18.2 (20.3) 16.2 (16.8)
*391 (426) t ree s  per ha.
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Table 71. Understory vege ta t io n ,  Donohoe c o n t r o l - p lo t ,
J e f fe rso n  County, M is s i s s ip p i ,  10 September 1978.
Species Percent  Average Percent
v eg e ta t iv e  percen t  frequency
cover ground
   cover ______________
Poison ivy 13.5 6.7 93
Grasses 7.0 3.5 70
Winged elm 5.4 2.7 53
White ash 5.4 2.7 53
Flowering dogwood 5.0 2.5 37
Muscadine grape 4.6 2.3 40
Yellow jessamine 4.6 2.3 47
Sweetgum 4.0 2.0 33
Rattan-vine 3.6 1.8 37
Christmas fern 3.4 1.7 27
Beggar-t icks 3.4 1.7 33
Virg in ia  creeper 3.0 1.5 30
Crossvine 3.0 1.5 30
Oaks 2,6 1.3 40
Common g reenb r ie r 2.4 1.2 23
Hickories 2.0 1.0 20
Switchcane 1.6 0.8 10
Black cherry 1.6 0.8 17
Violets 1.6 0.8 17
Asters 1.6 0.8 17















E le p h a n t ' s - fo o t  
















Table 72. Understory vege ta t ion ,  Donohoe la rg e -b o x -p lo t ,
J e f fe r so n  County, M iss i s s ip p i ,  9 September 1978.
Species Percent  Average Percent
v ege ta t i  ve percent  frequency 
cover ground
________________  cover
Flowering dogwood 7.7 4.7 40
Poison ivy 6.2 3.8 70
Grasses 6.0 3.7 67
Black cherry 5.4 3.3 13
Sweetgum 4.6 2.8 37
Eastern hophornbeam 3.8 2.3 27
Unknown 3.8 2.3 47
Winged elm 3.6 2.2 37
Rattan-vine 3.6 2.2 37
Violets 2.9 1.8 37
Hill blackgum 2.9 1.8 37
Beggar-t icks 2.8 1.7 33
Muscadine grape 2.5 1.5 30
Yellow jessamine 2.5 1.5 30
Oaks 2.1 1.3 20
White ash 2.1 1.3 20
Crossvine 2.1 1.3 27
American beech 2.0 1.2 17
Southern yellow pine 1.6 1.0 20
White-leaved g reenb r ie r 1.6 1.0 20













Three-seeded mercury 1.6 1.0 20
Virg in ia  creeper 1.6 1.0 20
Asters 1.6 1.0 20
39 o ther  taxa 23.8 14.5 83
Total 61.2
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Table 73. Common and s c i e n t i f i c  names of p lan ts
mentioned in the  t e x t . 3
Common name S c i e n t i f i c  name
American beech Fagus q ra n d i fo l ia
American elm Ulmus americana
American ho l ly I lex  opaca
American sycamore Platanus occidental  i s
Apple Mai us pumila
Asters Aster  spp.
Avens Geum spp.
Baldcypress Taxodium dist ichum
Beggar- t icks Desmodium spp.
B i t t e rn u t  hickory Carya cordiformis
Black cherry Prunus se ro t in a
Bluebeech Carpinus carol in iana
Boxelder Acer negundo
Carolina basswood T i l i a  carol  in iana
Cherrybark oak Quercus f a l c a t a  var.  pagodaefolia
Christmas fern Polystichum acros t icho ides
Clearweed P i lea  pumila
Climbing dogbane Trachelospermum difforme
Climbing hempweed Mikania scandens
Climbing hydrangea Decumaria barbara
Coast p ignu t 'h ickory Carya glabra var.  megacarpa
Common g reenb r ie r Smilax ro tu n d i f o l i a













E le p h an t ' s - fo o t
Fall a s t e r s










Ind ian - tu rn ip
Japanese honeysuckle
Johnson grass
_________ S c i e n t i f i c  name____________
Populus d e l to ides  
Quercus michauxii 
A nis tos t ichus  capreo la ta  
Rubus spp.
Acer rubrum va r .  drummondii 
Ostrya v i rg in iana  




Boehmeria c y l in d r ic a  
Cornus f l o r id a  
Solidago spp.




Nyssa sy lv a t i c a  
Acer rubrum 











L i z a r d ' s - t a i l  
Loblolly pine 
Morning glory 
Murphy's grass  
Muscadine grape 
Nut ta l l  oak 









Sawtooth g reen b r ie r  
Sedges
S hor t !ea f  pine 
Shumard oak 
Southern magnolia
_________ S c i e n t i f i c  name____________
Tovara v i rg in ian a  





Oplismenus s e t a r iu s
V i t i s  ro tu n d i f o l i a
Quercus nut t a l l j j b
Cassia f a s i c u l a t a
Car.ya aquat ica  or  £ .  i l l i n o e n s i s
Ampleopsis arborea




Cocculus ca ro l inus
























Tuberous hed ge-n e t t !e
V io le ts





Wax-leaved l igus trum
White ash
__________S c i e n t i f i c  name____________
Quercus f a l c a t a  
Dr.yopteri s ludovic iana  
Pinus taeda or  P_. e ch ina ta  
Glycine max 
Lindera benzoin 
C e l t i s  l a e v ig a ta  
F o r e s t e r i a  acuminata 
Liquidambar s t y r a c i f l u a  
S.ymplocos t i n c t o r i a  
Carya i l l i n o e n s i s  
Arundinaria  g igantea  
Eupatorium spp.
Acal.ypha spp.
Camps i s  rad icans  
Stachys f lo r id a n a  
Viola spp.
Par thenoc issus  qu inquefo l ia  
Carya aqua t ica  
G le d i t s i a  aqua t ica  
Quercus n ig ra  
J u s t i c i a  ovata  





Common name S c i e n t i f i c  name
White-leaved g reen b r ie r Smilax glauca
Wild chervi l Chaerophyllum procumbens
Winged elm Ulmus a l a t a
Winged sumac Rhus copa l l ina
Yellow jessamine Gel semium sempervirens
Yellow-poplar Liriodendron t u l i p i f e r a
aFrom Radford e t  a l . (1968) unless otherwise noted.
bFrom Fernald (1950)
Table 74. Common and s c i e n t i f i c  names of r e p t i l e s  and amphibians
mentioned in the t e x t . a
Common name S c i e n t i f i c  name
Green anole
F ive - l ined  skink
Southeastern f i v e - l i n e d  skink
Broad-headed skink
Rough green snake
Black r a t  snake
Texas r a t  snake
Squirre l  t r e e f ro g
Green t r e e f ro g
Gray t r e e f ro g
Anolis c a ro l in e n s i s  
Eumeces f a s c i a tu s  
Eumeces inexpecta tu tus  
Eumeces l a t i c e p s  
Opheodrys aes t ivu s  
Elaphe obsole ta  obsole ta  
Elaphe obsole ta  lindheimeri  
Hyla s q u i r r e l l a  
Hyla c inerea  
Hyla v e r s i c o lo r  or
Hyla ch rysosce l i s
aFrom Conant (1975).
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Table 75. Common and s c i e n t i f i c  names o f  b i rds
mentioned in the  t e x t . 3
Common name S c i e n t i f i c  name
Wood duck 
American k e s t r e l  
Screech owl 
Barred owl 
Common f l i c k e r  
P i l e a te d  woodpecker 




Great  c re s t e d  f l y c a t c h e r  
Carolina  chickadee 
Tufted t i tmouse  
W hite-breas ted  nuthatch 
Brown-headed nuthatch 
Northern house wren 
Carolina  wren 
American robin  
Eastern b lu eb i rd  
Prothonotary  warbler  
Northern pa ru la  warbler  
Yellow-rumped warbler  
House sparrow
Aix sponsa 
Falco spa rv e r iu s  
Otus a s io  
S t r i x  va r ia
Colaptes au ra tus  
Dryocopus p i l e a t u s  
Centurus c a ro l in u s  
Melanerpes ery throcephal  us 
Dendrocopus v i l l o s u s  
Dendrocopus pubescens 
Myiarchus c r i n i t u s  
Parus c a r o l in e n s i s  
Parus b ico lo r  
S i t t a  c a r o l in e n s i s  
S i t t a  p u s i l l a  
Troglodytes aedon 
Thryothorus ludovic ianus  
Turdus m iq ra to r iu s  
S i a l i a  s i a l i s  
P ro tho n o ta r ia  c i t r e a  
Paru la  americana 





Common name S c i e n t i f i c  name
Common grackle Quiscalus qu isca la
Brown-headed cowbird Molothrus a t e r
Northern card inal Cardinal i s  card inal  i s
White-throated sparrow Zonotr ichia  a lb o c o l l i s
aFrom American O rn i th o lo g is t s  Union (1957).
Table 76. Common and s c i e n t i f i c  names o f  mammals
mentioned in the  t e x t . 3
Common name S c i e n t i f i c  name
V irg in ia  opossum 
Gray s q u i r r e l  
Fox s q u i r r e l









Didelphis  v i r g in ia n a  p igra  
Sciurus c a r o l in e n s i s  




Ochrotomys n u t t a l l i  
Neotoma f lo r id a n a  
Ondatra z ib e th ic u s  
Mus musculus 
Proc.yon l o t o r  
Lynx ru fus
a From Lowery (1974),
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